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!• The philosojiiier aruGt paiJit iez^ge or else he loBes tlie pm^oose 
a? his tecjhniqiies^ 

I&in lives in a vorld c^ yra.ny Gysteias- Most of these 
he has iaherited from his predecesaora;, who themeelves siiiiply cidded to Tiiiat 
T^Hs given them« Our syotecas have been deslgtied in large pari; 1>y the accide^nts 
o? historical necessity. A reflective Hdnd;, therefore, finds raich to think 
abo\& vhen it poees the gtiestion "jhether reasoaa coald improve the desisi^t of a 
system if all the historical givens vere iripad cTj;ay* For exmnole^ ho^r iTcxad 
we design oiir coiHEam^.catioa system if -^^e coiJld sjtart frcjii acratch. Tdlth all 
our present ImoT^ledge? Haf ifo\2ld ^k? desiga oiir traj.iiiport,aticzi By3tei% oxa: 
marketing syxjtem^ oii^r system of intematio:aaL control? •; 

-■^. 

Is thex^e mtich point to. this qpBstlcn th^at reflection can so easily as&? 
¥e IsnotT v^ can't throu' atfay all cur ccasHimication etruij^B^nt. ead thaTefo3.!e^a' . 
more practical. q-oesticxi wonld'he to decide lia^r to naiify irhat %Te ha^ye; i:athar 
t'hg^.^,^s2.gn an atasitrajction. Yet^ fm*ther *tdion{^t.sho'i7B that the o;a:;5r>tion ia,.. . 
ncrb naive and iiseless, for if -^re sticceed in designing an idesJ. sjrsteHij, ire Xv^iU 
inevitably cosie to xjiiaerstajid ishat IcLnd of a system "b^Bj're toXkrhs^ aTooufc^ a^id 
ire shall arrive at cri-fceria of off ectivenesB relative to s:oaifications of e:^-st- 
ing aBpeets of the sj^iteiHo More iuj^ortant^, -dre shall be able to asii", sariS x-ery 
good aueiTfcions^ Ijecaitse-onr ideal Trill stand as a cha3J.enge to reality s vjhy 
shotd-d natters be rin as they are^ i^rh^n there are f^r better m^s to run them? 

As \Ta reflect on these. OTtetfticns ve siEist coae to r^soliisse that the pa:i*-Jji- 
cipants in the activity aS systcsss rarely consider fchc^se issneSc 2n afcher 
^■roz^ls^ it is zaore liJiely than not that the evidence for a cleiir n^nderst eroding 
of a system Tall ??ail to inclnde the dudgia:Snts of the ikv-^mnn irho play vex-y 
acti*?^ roles i-rithin the systemo 

2* Sci^ce is a sys^tesio It is a system thjat has ccriie dotra to us frcm 
our predecesso5?s> "^rho thsriselves modified ^rhat they inhex^ited. , Historical 
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necessity has ccCten "been reaponoible for the 'Sorm. of the- system o^ 8Qience« 
Have VQ aiiy reaocix toe:Q?ect tbathiatorical accMents have hecjvjsathed us 
a systoH thoA is not altcgether satisfactory? Have tre aaj^ reasoa to suspect 
*bhat oxur science is a very poorly designed BysteHS 

la other ifoi'dS;, if ire could ©tart frcni scratch to design a systoai espe- 
cially Gtiited to create Imoi/leflgej i.e*, en incju3a^ing system hoir ^joxald i^e 
proceed? 

She desiga of systi3S3S is a series of pro^bleais^ in eich phase one must 
display the alterjisvbives ^M tiy to select the hest from the resources av^^ilable*. 
55ie really difficult prohlem is to discern a reasonable set of elternatives, 
especiaD^y Tihen w^a hecase so 'ujsed to one posoibilitya *ifce pi\rpose. of this paper 
is to pose 005!!;=? qpsstions about the design of ing.i?irliig rijjrstoEis and not to 
arrive at a design itself or even general c3L*ite2?ia for desiga^ 

But tfe caa^t permit ovirselves to ask these questioni^ until vre liave more 
assur^mce that they mean sosnething . !Pnere are iiany differea.t x'letipoijats ahout 
\rhat **inciuiry" ineana and ahout the laeasaing of knoirleageo 2Sie term "system^" 

4- ■ ■ » . ■ , 

tJiotigh-^ery popular these ds^r^y is just as troublesome o Each disca^rerer cf 
"systesss science*' he^ his oim deftoition of a system* 

•JSie frenie't/orlc ve shall require in order to state the questions rests on 
a specific rssanins of "systeiaS;," to ifaloix ire turm first* 

B^ Althougji paop].e do say that the planets and sun, g^<:?.Ketry end autQiiol:)iles 
are systems j, these ilnstances do not fall, under the concept as vre intend to 
use it here- Ife postulate that systeias are e21ai1ip3.es of teleolog3.cal thSjagjs^ 
i*e«p things scsEe of uhQse properbies exe fttnctional* Siis postultvbe does 
e^cclude 'bho "solar systeza" if ue lock at the planet and stars as modern 
science has taught U'3 to do- It ii^sy even exclude "foicinsuL systems" like geo- 
ir^tx'y :ln inang?* cases -> But 5-f the escclusions seeiB improper ^ so -fchat "systeui" is 
to he reserved for saore general xzsage^then our pcstiiLatc requests tlmt ire 
ccacentrate on a .sul:class for present piixposes « 
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^Jhat follornj :ls qcHsxrhat tedious^ so that a hc^s^ly ezasg^le ii^ help to 

follovr the logic «• Consider an ordinary electric stove^ i>ith fi-^e Imohs 

co2Xi;rolllB2: the heat oS the hiraiers and cnron^ Eie *Vo2?ld" to "ba observed 

id iaitisGLly descrilsed in termsv of the po3ition cf the knobs ;► the tesjiperatm^a 

of the htcrnex^s end the state oT the vrater in the pots (cool^ ^irai^ siisi^isriiifSp 

hoilizis)* Any tiro or more taiolys in the same posit ion he3.oag to th^ nm^ 

gorfihologiegl class* Sdbailarly3^ w^ t^ro *bu3:aiers iri,th texijperatijires in the 

sGiJie range .Ce*g.>. .vriLthia 5 degp^ees F -Oi? csiah; icSthc?^) b^os^g- to the P^^Oip-e- gm^^o- 

logical. clBSS^ as do any txro pots ocT ^^tesr 35i the B^ai;!^) 0tate* Strj Bugpo^e ^t 

time t 9 one of the IeioIds is tnmcd hxtfc ell else XiS^a^ins Sinreda We cot thcrb 

the .knob ha^ ehsased its morpholp^Tc At a lates? s^^Dnasnt of tiEie t^ oae o£ *&e 

Ijtjrners changes" if&B teBperatnre*. \H-^m the 3i2:ioJ3*s OTS?itioii g.t t^,. m^^riisiied 

the "bitrnerVs temperatiire at t- Eie^gaisis; th^t had thifs knob Iwsen isi s^y other pc^it^ij^Xtsa^ 

scEssst crbher temperatiare cS 'KLda bm*aDr tm^JiLd hssye cco^^rsed.. AJ^o^j^ a,*^ (km^- atlll Inters' 

tiiEe t,^ the Imoh's position at* t aixd the tej^eratureof the Disrnisr at t» 

2 / ;; -. - - ■ O. ^ 1 

produce hoilis^^ >K?*ter in a pot^ lie also note that -iie 'boiling ^stater cotsld 

have "been pycfl.uced by other positions oi" the fcaob at t" • 1m IsMa- eas^ssj^. lyra 

... - Q ...... 

call the set of hoiling-producing positicxao a |juncti<^^ cla^as tto ;^B5i>i^2?a 
cf the class have a ditf ere^^t ^a^ilhology "but a cai^HiiDn product o FinaU^jr^ 
introd-o^e into the scene a ceaSy. lu^iio con prcdiice ^ny t^j^rn of any kno'bo ^Eaia 
means that he can prcdtice fvnctional entitieGo. ITe ,sssll ai:/Gi\ a cqoiL a 
pi^rposive individual; the f iml esad (-fche hoilling Hs:feer} In- kia j^iixspfte^ .^!acl the 
set a? things he can pypd^isje is a teleological cia^a^ 

l!-o Tfe noiv ti^y to eJ!3^<^ste the xsaning oif iaeleolcgic^.l oJassen m^e i>recir^e3.y;, 
qty titming to a more tox^^X tml technics], expcgitiau of the 1^3i2aB ccintained 
in this eajBjiiple. Singso?- (XSSO) .j^rc^fi^d t^. Mth a deep insight into the m:^:^i 
of teleology* 3?unctional classea^ he sajr^.,; ^.ra reaS^? ig? of entities; thsA ^t'-e 
eiike'T'?i*aa respect ta-vxheii* prodizction of a■ccir^4^':^d"l*e.s^5lt» I&re i^ecisaly;> 



fmictional classes ca» only te def .laed in the fxsxi^voTk of a cause-effect 

model in vhlch aspects c£ any tiine-alice can te indlvidxiated and identif iedc 

Ail entity A, in a specific region of any tiiae slice S > is a producer of an 

o 

entity B in another tiiae slice S- ^ if it satisfies three conditions, \rhich 

exiount to saying that S precedes S . that A Host occur in its region in 

S^ if B occurs in its region in S^ and that A and B are proper subsets of 

S and S respectively. 

It is clear in Eiany cause-effect models the,t entities of quite different 

Mnd can produce the saiae Icind of an end-product* 2?or ezmmlOp many corriputerS;, 

once they are i^unnlng^ are iritually cause-effect systejiiSo Som^ ttems in the 

sijssiory 25ay ha essential for souse later result;, so that Singer's conditions 

Gxe all satisfied (o^g*^ if the item does not occur in its specia3. region at 

tirae t p the desired result Tri.ll fail to occixr at t^ }• She item is therefo?:'e a 
o 1 

producer of the resialt* Bub so are many other iteins in the coaiputer's neioory* 
Koir if one concentrates on the producer-product relationship and forgets ahoufc 
the differences in structure of the itexasj, then one rbhinks of the iteiEB as 
functional classes, Eiat iS;, all itenss in S that are essential for an output 
in S- belong to the ssme fuactional class* 

Singer shars hotr one juay effectively relai: the conditions ."just specified 
for the defin5.ticn of functional classes and thereby speak of entities hairing 
a common potential products. Exis is done by confi^*iiiing -^rithin the model that 
sOiKS itezns of a given structure have produced a specific prodiact jja a given 
type of environmsnt^ and ncm^ have noto In this case^ all itesis of the class 
are said to be potential producers* Furfchex*, one can introduce a metric in 
the classes and describe the probability of production^ Also^ one may vexrb 
to define functional classes (e^g-, a ii^jchine's output) ;ln terias of things 
that are co2322on p>\>ducts of one producer. 
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?• Saie extiensioa of the dafinition of fmctioja to teleology ie fairly 
straiglxtf oy^rard. Siippose that sozos of the elements of e f imctional class 
that could occur in an envlroimeat are the output of one individiiaL. If so> 
ve call the potential o\rfcptct3 "nseans" and the coiEncn potential product the 
"end. " Ihe special ele22ento a£ the functional class are then alternatives 
relative to an end-product. In this case ve cjan call the class a teleological 
class, and the end-product the purpose. Since all Esmbers of a teleological 
class are potential products of one individual > they are functional in two iiayss 
as coamion potential products of the sanse producer end caasnon potential producers 
of the sanie prodricti Kext, ve note that \^e need not restrict our attention 
to one potential end-product. If tre consider several, then the teleological 
class is defined in terass of sevearal ends. But i^e also "'rtfant to loaln'tain the 
BQsm sort of a inetric that vas developed for a single end. in other words, 
tre mxit all teleological classes to "be ordered in tera^s of a "more effective" 
relationship. Perhaps the siiaplest Tiay to acccscplish this is to weigsht 
the end products and develop a i^tric frcsa the prod.uct of the *^fei^t 

prohaMlities. 

Hhe Ijy^orbant point in freighting the objectives, hcr^ever, is that the 
weights he functions of son!© property of the indix'i.dual who can prcdisce 

the alternative means o Specifically*, we shall want to say that the 

i&joights correspond to the individual's "intentions*' or "utilities" 

or "values." In this case^ we can speak of the individual as a piuiposive 

entity* . 

In sum, a teleological class is a set vdxose members have a 

common producer^ and a ooiaamon potential class of products and can be 

ordered by a relation "is more effective than^" which depends on 

-tiiQ pi'operties of the common producer as well as the probabilities 

of production^ 
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Situs, an entity ia teleologjl.cal "by virtue of the fact tlmt othez* eatitlGs 
could (m* do) oxiat that might produce the sane rsBuLto ejad Bigjit 'ba pri^oclii^ecl 
by the aem^ desi{5aei'» 

Ife postulate that systscis are teleological entitiGS- 53iis aiassis that if 
soi^thiJig is to he called a syateni, there jmst be eilteniatix'e Gystesis, aad the3:e 
nuDt be a. daGigaier tihose intentiouB are cisspxeased ixi terE?B oT the ccn^u-oa potcntiiil 
i3rcduats of the oet o£ systens* 

6* But not all teleological entities are isystc^as* 132io diiPiferentiatl^ag 
feature a? systens 1g that they can be soparated into parts j, aad that the '^z't^ u?orK. 
togothi^s* for the ndi^ of the \jhole# Henee tre postulate that a system coasisbs a? at 
least t-vfo teleological gartsj the effectiveness liieaoures of all r^xbs^ if 
issitimised^ yield tm mx^isms^ effectivenesB measure of the xfhole systesio 

More precisely;, a syetem caa be divided into i^artB* If the ^'>bate of 
all the parts but one is held fixed, then the effectiveness ^:x? the syatem 
i>jrlll increase as the joart is s>ade siore effective. It ehoxild be eiLiphaGisiQd 
that the x.oatulated relationship bet^/^een x^art effectiveness and ^ysteni effect i\'e- 
ness 16 o» relatively treat one. It m^xely asserts that iii syeteaaVi depign^ one 
ca:a al^iays improve the system by 3-2^rovi23g one of its j^a^'ts * But the sathirsty 
to the c^tiiml system inay not consist of i^Droving each park, one by cne^ untill 
it ii:; perfect ^ because once one S£a*t is pe.'Tfectea and another sarfe is eh^Bged;i 
the first HBy lof^e its top position. In other vor&?^ -kins zank ordes* ;?'or one 

Sai^t ^^ay ccsi^aetely change if another pa^i; is chang^^ds the ^ank o^^rders E^^y ba 
frQ^etionG of the state of the mrbB^ ThlQ con3ifie,i:Ution is centr^a in t^hat 
folio^jii, beeauao ire shaia be interested in tno general kin&D of usi^^m^ the 
one in X'Thich the 2'an.S: orders ?*ei2ain fixed independent of the othes* gavtB, and 
the ahhe^ in ^^hieh "ci^ ^ejM orders depend on the Btc^to of -iim oiiher T^^X'tB* 
We ncTif fefinii' a "sysj-feeEi** in Eiore formal tensi'::./^. 
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Consider a set. oP entities, S- , S^^ etc, all of T-yhich are msnibers of the 
same teleological claes S* 

Let ILp M ;, — te the effective msaaures associated ^rith S^, S^ •— re- 
sj^ctively* Let i?-- ^be the xcbx (M-), and S'^* the corresponding Eismber of S. 
Let the relation P S'baad for "is paart of" (P is binary, asymaietric, 
transitive, and its daaain is the set of all entities). 

S is a class of systems and each S. 3ji S is a system if and oxily if for 
every S^ there e:t:ists a set of at least tiro entities j si> ^ such that ) 
(a) each s;? is a, inember of some teleological class 5^, j {b) s^ is a 
paxb of S. for every j; (c) there exists a variable y x-ftiich taJxes aj3 
its values the i)3easvires of effectiveness of the members of S, and a 
variable 2^. which takes as its valxies the measure cf effectiveness of 

J ^ 

B., svich that y is a monotonic nondecreasing furictiosi of each ^.., and for 

jl J 

soiiie values of :c,, y is a monotonic increasing function of :x - Ifence: 
(d) a system S^^- has a anxiinun effectiveness M^^- in S if and only if eveiy^- 
part has maifdmum effectiveness • 
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In other words, every aLtemative system S, is scade "up of teleological 
^zts conditions (a) ?md (b) j one syste32i is laore effect i"vie than another if 
itJ3 par-fcs are mace effective ^condition (c)j . Hence [condition (d)J the most 
effective system has the most effective parts. 

If we think of systems f roEa the dosigja viexrgoint, then the designer can 
he cocaceived as splitting his prohlem into subparts 5 in each subjcart, he selects 
one out of a set of choices that (he hopes) \riLll do its task as veil a^ possih3.ej 
he then puts together the parbs in such a luimner that cptinial perf orffiB.nce of 
the TThole is attained ^Ihen each part f nn^ctions properly. ^JJhe difficult pro'bleBi 
of system design is to sccosrplish this relati<mship. 

It is also larportant to consider the iarplied closure condition in iihe 
definition of both teleological classes and systeraso k method of ranldlng 
teleolosical entities is to he va3,idated in tersns of the intent of the designe3*o 
If a given method leaves out sane critical aspect of the situation, then it 
cassnot he construed as ranking properly^ In other "iforojS;, the ra33king method 
333ust he closed inlth respect to the individual and liis environi!xent<. 23ie designer 
of a systesi zmst try to ohtain enou^ inf oOTiaticn to decide i^rhat parts are 
appropriate a 

We have already rosntioned that in some cases a part of a system can 
he designed ^rithout considering the design of other paints a ^Jlhether or not 
this is possihle is a flatter of fnndaaien-bal concern to the designer;, and 
\rija he the principle concern of this discussion of the design of inquia^ins 
syst^GiSo 

We say that a class of systeiijs S is sepa2'ab3-e i;ri-fch resT^ect to so3)b TJart 
if the iccasuice of effectiveness of the psxt is independent of the states 
cf the ether parts <> 
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More precisely, a parb of a system Is separated in a i^eak sense If the 
optiinal state of the part does not depend on the states of the other parts; it is 
separated in a strong sense if the ordering of all its possible states remains 
invariant ifith respect to the states of all the other parts. 

We say that a class of systeius is T^akly sevaxable if it can he so descrihed 
that at least one of the parts is veakly separated; it is strongly separable if 
it can be so described that at least one of its parts is strongly separated. 

An example is clearly required at this pojjit, and 'i?roduction systems afford 
excellent illustrations S3.nce they are among the most carefully studied system 
\re ]mo\T about. Consider a loanufacturing system. One typical nay of pai'titioniiag 
the system is to break it into these subsystems: procui'ement, order processing, 
production scheduling, production control, labor force, inspsctionj paclcaging 
and distribution. In all production systeiss with TvThich I am familiar, none of 
these parts is separated in even a veak sense. Ihe optimal procurement policy 
always depends on the Kay in ^ich items are schedtiled, the optimal reduction 
scheduling depends on hoi^ labor is deployed, all parts depend on the extent and 
timinjs of control, and so forth* Indeed, most students of prcdioction question 
whether manufacturing is ever a separated part of the i^ole organisation (e.g., 
the optimal manufactui'ing policies depend on the state of the subsystem that 
controls investments ) . 



■fcy ffios"© oa' leoa igB^iias xiiQ aoaeis' E^jsi^eoB u», vxiS *a-tia» **« «. ^x-^^i^- -- — 
ssy jsaye to a cgBtsm tliat W2?to ses^ectly as lOKg as the 2?ei3t of tHe 
golieiea ?;<22iai2i fSxea. Eat •sjiion -Sis fisplo^jsent ae labor ciiaBsss, or -ahe 
HSiicetlBS ayotem ia aodiSiea, tho p-x^austion c^-stea thea beecsss trorso i3ian 
±\i -s^as "befoa?© it. Txas redsDiajsed. 

Oa the ofcliey iie^, ttro msa aas'Igaecl to dig a trencsh niislit "b-^s ecsiaaclesrsa 
as & aegasable syoteniS -i&at weSs e£;s'a GceoassOielies siiiiply «^^-'^1a "io ^« totsa, 
SC3I32 oyoteso tliat eoLleet ana stos-e itesas say also ea ecsjs-aruea ais sej^ariableo 
Jilso, a oystem fesaissasd to qoIvs problesis ia g f a?,"^^ •iscss^ijcr^'k aw l3e 
sesa^aMe; the p)?t5£2al siethod of solutiaa ef oae prolxlea Esay not dspoat oa 
hfiS7 "J^G otiiesr p.'dblas3 ar© solved. 



9« 

It ±B not dif^'icult to describe the concept oS separability i;a jratlaeniatlcaL 

teOT^a Bupipose thex:e is a teleological class of systems bvcIl t]3a.t for every 
s:^ y ^ there ericists a correspondsjig system irith effectiveness TC^x^y)* Suppose 

2J Cac^y) is a ccntiniJioua function in x^ y x^^th partial deri-vBtives 1? aaui T o 

•2C y 

Finally^ siigpose tliat Sf_^ is a function of x only and \i:^h y) is ^ function of y 
only iUooy. a? fe y) can "biS e^^ressed A(2c) + B(y)^ xrhere AC2:) is a function 
of X only, £ind sCy) is a fimction of y only)* Eapn the class of systeitts is 
separable into txro paits, the one controlling the TOrJ^ble x^ the otlier the Tax^iable 
yo In -bhis case^ "both pa^*ts are strongly aeparatedo 

Bixb our interest in this papex* is not in the fcratal pi'operties of sepas^iibilityj? 
but in the eTidence for sepa^rability* In other Hords^ if it is clear -aaat some 
function of a set of "variables can ha used to ra^ok the effectiveness of a class 
a? systems*, then it iiiay he 2*elatively easy to det.erjisine i:rhether the systems axe . 
separable o 53ae prohlem is to proxre that a specific inathejsatical function is 
appi^opriate^ 

In this rtsgr^d th(3 lesBcn to he learned frcrii the study of production 
systejHS is an 2HSortant one relative to -^le enrpiricail deter^dnation of 
the effeotivenass of f^ystems-;, and therefore should "be ie:jri?lai:aed ix^. m!Ji:e 
detail- t'lhen \Te exe^Sne a procxrceiEent policy;,, ve ncrinally atteu^t to 
li^easure scaie of the relevant px^operities of the systems the tray in /which 
de22sndG coine into the system;, the iray in wich prices :^2iry^ the costs of 
placing orders^ the de3.ays in receiving ordera^ and the costs of storing 
items o Siese jizeasures are then coaibined "by a model to forza a measure of 
the prccurenient effsritivenesso In atteEKrf;i5is to 'ii^c^Btsre -Khese properties, 
we imist ex^iine hov other parts of the #hole systeiii are operatingc Tiie 
deaoandj for es:ai£iple, is the consequence o£ policies of the production 

deparfciiient or sales department* ffiie cosb a£ placing orders is the consecxuence 

of TJOlicies at the ovdjxc departnient. Eie cost of hj:>ldjjLi3 stored 
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items is in part the ccjisegiKsaae oS policies of in^estinsat a£ the t±n^^^ Hcn^- 
theae policies oS abher parts of the system cen be imr3.ed5 in fact they aetarioine 
'fche ef:?Getiveaes0 of the pasrb xrith ijbich they a2N2 associated* As a con- 
sequence, any so-called optiiTial policy of -liie prociireiiient system is asssjcted 
to he optiml- only hecavije pne assunies that the other relevant policies of 
the other parbs are qprtijaale. In other Trords, the pccccvirement systeia*s 
effectiveness is measmred in, toxms cf the effectiveness of the other parts » 
In this case, xre infer that the procnreiiient activity is a nooseparable psirto 

Eais exasirplc can he generalised into the f olloTTing principle of 
aoxiseparability: a part is nonseparahle if its effectiveness is jreasttred 
in tezris of the teleologj.ca]. properties of other parts • 

It sesKS clear that separability is a de0irah3.e prqnerty of systeBSo ¥e 
can therefore srciscai^iae this discuasion of the nattire of systems by noting two 
fundamental problems of the systejss designer: to identify the parts (ioCo, to 
define teleological entities s^jch that the system effectiveness is a isonptonic 
function of ±iie part effectiv^eness), and "where possible to design the part so 
that it is separable » 

We shotLld note "bhat a system ysa^ be designed as thoii^ csae or more parts 
were seT^rable^ and operated in this Eianner vsxkil the sepax»atioa is no longer 
feasible, at ijhich point the system is redesij^ed* Shis, indeed^ is the natxiral 
\Tey to regard the soparation, of parts, by 3??eans of 'Management by ezceptiozto " 
2n the end, tre sliall return to this type of design and try to izsJsie its mspaing; 
3r.are exolicito 



T- Siipposiijg 'bhat "syctem" has baen. iTell enougla def inetl.;, ire tixrii to the 
teaming of ":lnguii*ing" in the Tihrsise "ingii3:i;*S.xis BjrsteEs'^ ia general terms^ 
ingu:lriu{3 systeiHS lutve gs their pmrcosG the generation of Itnaivleflge. But 
tiiese geisral tem^s ar^sJ not vea^ helpful in discv^OGing the iiystematlc properties 
oS ajiqulvjo We can apriroach a little nearer to the precise definition c£ the 
goal of inguii'y if we say that it^ aim ±b altjayn to increase Bmn's Tmderstaxidins 
of his irorldn I&en a Hirsn iiaderstands^ he Imms w:^ an event cccuvrado !33ai3 sus- 
gests that the "underatsjading sian is ne\rer si^rprisedo Eiie in tuzn sa^^ggests that 
the evsnt that is x3:aderstood ie in scaie sense^edrndant for the xmdorstcoading • 
pai'Bono And finall;^" this suggests that the aim of inguiring syBtewis is to 
E^aximise the redmuaancy c^ events o Khe^se sisggestions are all tantalising^ and 
require further erDlo2:aticn« For the sacs^nt, thou^j vq Bhall leave the defini- 
tion of inquiry in this si^gsctive f oria^ in order to discixss the nature of in- 
quiring sy£5teffiBo 5ii the end^ Tie shall have to came hack to the definit?.cn* itself. 
^ 80 Ttie guestioa o£ this paper is: to Tfliat eroent can ingiuirihg Byctesos he 
desig^aed uLth separable parts? We hegin by considering scaie traditional answers 
to the question o 2?^ schools of thou^it that chax'acterise Western science a^fe 
(1) the rationaliBts that it is possible to tliink correctly;, an.d (a) the 
empirists that it is possih3.e to obBexve objectively*. Bub these traditions 
are also phrased in nuich ^^tronger ters^ by sosie scientistsjj nmaely^ that thinldLi?^ 
and/or dbser^mtion are separable parbs cf any' system of iiigui};:^''* 

!Eiis stronger position;, 5.t seeiss to mej is -the essence c£ positivism* Bie 
crucial poijit is nob that tliinfcJug or observation inay fall into errors everyone 

recogaizes this possibility- ©le positi'dLst position is that it is possible to do 

the best one can trith sosa acts of thinlsing or observing ijithout having to be 

concerned about -the u^es to ijhich one's thou^ts and observations are put^ or 
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title \r«a'' in uliicli they are cc^rsnunicated to others* Again, operatioiiism is a 
philosophy that seems to argue for seps^^rability ai^ iaiguJ-ry; it believes that 
a coELceFc can he defined iJith n^iriimm effectiveness hy specifying a set cf 
co?erati02is independent of the use to xfiiich the results isiay he put or the Hiathads 
by which the reoxiLts are ccsaHonicatedo 

If one believes in *fche sepax'ability of obseri^ation^ then one qsjh argua 
that althov^ the nonscientific politician nay say to the scientist: ":lt 
i^ too boA you riake this observation todsy, bscatuse as a reatalt you Ivwe dis- 
turbed the political scene and I smist try to prevent the recurrence of your 
act, " the scientist can sensibly reply *bhat the obsermtion ijas still 
"correct c" Even thoxj^ the scientist dieS;^ he -^ms eacrect;, because on the 
basis of the separability ex? obsen^ation^ the act tjf (Observing con be perfected 
in itself^ and its velue does not depend on the aanner in ijhich the obEerroAional 
report is receiv^do 

HoTT no cne Guesticms that inotdring systems can be designed Sxi such a -I'/ey 
that the choice of one part does not depend on the choice of the others <> Sie 
auesticn is "whether an 3*nguiring system so desigJKJd is ever optiBislo If one 
insists that a distinction be t^"^en observing and the use of observati<^s must 
b2 made^ then caie has pre-eiroted the response to this Question^ 

Before considering this question in more detail, x-re tui'n first to those 
'parts of any inqulz-ing. system idaich no one believes are separable and the 
proper designs of -^rhich obviously still eliide us., 

9» In order to discuss these pcrobleira, ire try to present one j^artitioning af 
a systeia of inquiry, irithout thereby claiming its superiority to other schemes » 
Shis, one has the adx'sntage that it seeing to f on.ai7 a logical sequence of 
stepsj> but this advantage imy be illusorj^'j of courseo 
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Sa2?i; i pro^dss "the rsscts^ces ciT 2!22ipc?£Jor and :faciiLii!i6S| 

3P!ar6 2 aetersiines ^rliat specific tibjectiva^m inguiring eystesi shaLl 

'i}i!rs"us: iiCo^ defines the problem area; 
Ites^b 3 spjisci'ries tho problea^ ioe«^ crea^tes a model iTiiiiin Trhieh the 

problem can be fief ined (the moSal dd?fce:a taing euspreoEea in e fosmsl syBteaj) 
Sarb 4 teteriiijiies the logical comsequeiiceB of (theoi^iat;) of the model; 
Part 5 specifies xrhart data are regulred^ in t&at foi'ai> to vhat degree 

cd? preciaion;,. in irhat eEioimt; 
Parb 6 specifies hOT the data asre to te collected; 
Poarb T collects the data accordinB to the z'cgiiireiGsnrte]; 
Etet 8 transsaits the data to a central point; 
Parfc 9 mislyz^B the data; 
P&rt 10 prodi:Jce£;; a set of s^ecults; 

Part 11 stores the resxslts and transsrlts then tihen .^eected; 
Part 12 dBtexi22XtBB ^rhen stored residLts a^e needed €irid hoiT they £a*e to "be used* 

*I!he lutiosaalict theBls. is that Inquix-ing systeHHS caa hs so designed that 
Bast k is seps'^reble:, and the e2i?Di*icist thesis iS: that they csn be so designc^d 
that Bsrfc Y i£3 se:par£?3>leo 

lOo Before e2ca23ai»iiiig these theses in ds^fcail^. vie.can satisfy'- oiorseli/es s^ther 
gviclLLy that sg^ of the abher parts are not sepai^al^le. arid indeed that their 
propjsr design is still au- itosolTred prol>leH\^ 

Consider, for exairgjle;, Parb 3.0, the part of ingjxlry that stores m& 
tra)qiB:a:lts ij2fora!2;bioao la eax'lier tiises, mea thotisht of cotcniuniceticii systen^ 
in relatively siaiple tersriS, perhaps beca-ose the tcrbal laioimt of real inf ors^tior. 
vas ssiaJ-l* Eie al;beraatia''e designs cosisisted of srixtrafes of "balfeiiig and vni'itisig, of 
persons! sissaory end i^Tittexi docCTij3nts<. Scday, \re all realis^e that :the problem 
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c£ storing and r^toieving infoiiziation has "beccs:^ seriova and that the ntEoi^ar- 
of alte2:22ati'ue desigs:^^ is '^"Bry largCo 

If xre ifere to Dtart frc^ the hesinrd.ias;, xrould vo "build ^-iltearies with hooko? 
If6i0.d ire publish joiirnsJis? WoiiLd \m hold inset ings trith.psjpe2.*s? flowld each 
scientist's stvid^r "be oau3.5psd \rith ptish birbton panels that Trou3.d call uo '^-jhat 
he iieed^d to ]mo\T on a television screen? TfJhat f oria^T'culd stueh iiif02:i5Hiticii 
talse? Bub hair would a researcher in sijuch gxl en^jra^mant Imcrtf i^eix to request 
ln:?or3Esiticm? 

At our present istage of tQch}?-olo£:ical dsirelonsiisnt, Tre hanrs scna Talid rsaBO":^© 
for aiiBpcctiiig ^that science is poorly designed to its coi^ssxmicaticns, so poorlj'' 
that the resuLtiuis inefficiency Miy "ba colossal.. 

lE aay event p it see^asclea^r that Inf ormtarf^ioii rstrieijiil system ere nob 
separable <. For essaiajgle^:. ^the qptisjal infor^satidn systaii depends coi ho-r t-he^ 
resttkhs are to he ^2scd (3?art H), as ^rell as the f oi'sa of the residAs (Barf: 10 ) 
and theiz' stn^tux'a (Part. 3^ Part 9)« '^liB assertion seeiiis oleo^:* if ive conceiTe 
of fjag[air3jag sy^tesis as ^^axy Isrge* i?or the tiFiS heing, \re shaLl Timit to reserve 
jiidsssiit 02X x-yhether certain types of inouiry can he separated frc^L the rest of 
lngvlr;r^ ioe^, -^rhether the Eipst general inguiriDg systtm can T^e separated ircSo 
inguirJjag parts « 

11:: Scdisldea* also Part 1 ^/3iich coiild he called tlie park ccncemed with tb/^- 
political acaaomj'* of science « Science has a politics, ofy its otm^, and its 
political activities ofbou coiae in conflict TTi'lih tho politico of business and 
of g^vernuient* 'kle scmetiiaes tend to think that the politics of sciience is 
gocd^ ."because I suppose, ei^ryoixe t^axits i2ore knarledge and therefore the 
political activities a? those \fao ©.cguJ.re Imoifledjje for laan SE-^lst he soimdo 
But. a little sxore honesty leads us to suspect that tJae li^mier in laiich sotl^ saen 
heccs^e leaders cf science issay have "been quite costly In texBis of ruir^ed cax^^axs 
and dollars J and that the Idlud a? research that recoiT^s lsa:'ge grants mof not 'be 



the bast resoarcli for the developsisnt of Gcierice^ Here aaaia there is a 
premLent QXtd Cujd yl^*^oiat that i^aiats to distinguish het^Fsen science eud Its 
polities; it scmefeiiaes takes the Inerefiible £orm of argitteg that s&iezKse is 
a hooiy of tnoT-rleclge, and pcxLitica is people^ md^ therefore tbe tiro must be 
aiffereato 2a any case, the issTie iD ^niether one vairts to argui? that it is 
possible to optiiniae the system of acguiring Imo^rledge ^rithout ccnaideriBg 
the political prcbleirjs that such a systeza geaer^t*eSo That iS;, can the opbl2s?J. 
politicsil strategy of science be deterzniBed indopanaently of the rest 43f 
the iBcpoiry? For esjaisxple;, can w^ Ia;^danise ovls: effectiireneiss in ed^atriiijj 
pofcential scientists vXiHaoub xo^rd f csr the Btrvjs^tvxe of incaiiry it^el:?? 

More Berioiisly^ ire have to ask om^elvea t^hat the proper sise of Bart 1 
should be, ±a ordsr to be able to goage its real efi'ectiveness in the system 
of Inquiry o If scieiice co<apetes Hith other systeins ;Ln esalistHsnt, then shoul&x't 
;fche T?hole hi^er educational system be regardecl as a parfc of science? . 

12. All these-. questions can be isade inpre difrCicult and their isgortence 
clearer if vre realise 'Sihat science is exi iustitixbicaa devoted to survival- Its 
prograii^ a.re designed for long range objectives -^diat camiot by their Batiire be 
acccsrolished in a generation^ Hence^ one strategic problem of a scientific 
project is the optiisal bequeathing of the ;gcro;]ect to others^ Jiost as one 0vera3-l 
Gtrorfcegy of science is bequea*bhing its TrorS: to the next isenerations* Ihat is, 
these are stratesic probleiii^ unless ite accept the irieimoitot that some inquiring 
systeEU3 can be designed i-Jith sepaa^able p«rts^ ezolci part being an inquiring EysteBr* 
©lis position vould aaiount to asserting that "facts ^ " once obtained, craatitube 
3moirle<2,fi;e even though no one besides their discoverer ever sees them^ Siis^ 
in turn^ assujsaa that sene "fects** CG3mot be inprcv^Tid^ a point ^?hich -^re 
shall TiBnt to er-ramihe Hith scaie careo 

If -ire adDJit the banueathiEtg problem to be an essential paxt ode* the 
problera of scientific E^thod, then ^re HUBt incltsde -^rlthin science tXie strategies 
of' itr:2 Eurvi^^al^ Sfc.e ccaGeouance is that thi^ systen of science iclli 'dgcq^ 
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¥ea?y Isrge in eras ¥iien politicians and InduBtjrf^l nanagerB fieefk to iise 
science for ends *that caaflict iTith the £ul3i of scientific siu"riva3-« la other 
HCjrdS;, th.Q system of science must include estissiates of optimal iHtariaa'iiioncO. 
paLicy^, if inter^iiatiiDnal policy ec^zld threa^l^eii science '£i .*2:cistsnce« 

13 o. At this point ne can afford to paaiee and ask 'tJiietiier the concluiBio?. 
just xeached laalsass a difference • Of course thei*e ai-^^ ^^esy sismy EcientiGti^ 
who do not ijelioTe -fchat -^forid politics is a *'3Cieati.f ic issi^Q* Eierir dilsbaLief 
is Tte^Gd CTi their implictb asciHirntioa that "scicince" is simply the output of tihtrfc 
I haT?*e called the oystcia: - ioO*;, -fche hcdy of Imotfledse that the s^Btem creates o 
Bat then most cf 'iihese scientists irouLd inclitfie the logic of sciemsif ie i2:^erance 
in the corpus of science o It folloiTS that ^Sihey are ullliag to include Ixt the 
%ody Of Isnoirledge" scsas asserbians about hc^rr the ajsteiL o^s^t to Horko If thin*. 
imxch is inclvji^d^, thea ifliy cot. the r©st? Ox ishat fesis are i?e to draor the 
horder line hefa-reen the internal strategies of science and its extex^nal strateg5.e0? 

'lk>ve to Idae point;, if science i£? taken to he an inguirioxg syatem^^ then 

for any part of science one wx3t ask for the display of alternative designs « 

IToif one mxy to design the polit5.cc' of science is to ignore all consider-atic-ns 

of the activities of international politicians^ /mother is to take Bom:^ of 

these activities :lnto accojimt;^ ^.nd de£33.gn a. system, of ingui3cy in uhich inteirmi-- 

ticnal policy shaking iB ??, paxbo 33ie guestion is; xihich altesr^riatiTe prg^/rldes 

a hatter desig^i? 

One might rep3^ that vre don't knoir about ixrternational politics, 2nis 

is true enoisghj, hixt cud inability to solve a prohleia does not typieall^y exGlvide 

the grohleia from science o 
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still;, even ±£ tliose tjxio vjont to Isieep science pure al^^ illogilcal^. dcxiB 
the iGGize EiHiJse a dii'ference? Jlcj^t scicsntisbs a2?e ccaceraea about ¥oria. 
politicB aj:^^ Hould IzUse to lie3-po TSaat dlfferemse does it lealie ifThether they 
regard the issues to* toss sciexitlfic or noQscientif ic? 

!i3iex'e are at least t^ro xfaya iii ^Jiaich it cloos Btnto a dif f essence! « Eha 
first Ms to do TJith attittifles and tfee sec end Trith i^eflcictioa, Sf co2iOT2iicatioi:i 
and lyorid politics ore regarded, tp "be gcientii'ic issues ;, 'then the citatiis 
oif thoise mio i^ar'k an.- these issusv^ is iEiKaro'^-ed ial the cicieatif ic cosBXunii^yo 
Uvdh imxe l^pactaat^ Gcie^itists theiiiselveis x?13JL reaiiap the neeeaBilty ^' 
rigorous analy^sis and cmtroHed fact finding, in* the stiidjr of thefie proMaas-^ 
qij^ilities that Beam to he la;2ki2ig iB iriany of the cxajLTent QlsciiSBionso Fi^^^lOy^. 
if these issr^aa s.xe taiien to-be scientific^ then oia*>Si'jt Hinde say ^^aat 
to Xve:F^lx the scientific "^nalue of iJiorking, on them rather then on aiBtters of 
erier©r Si5id spacec * > ' . - - .-..,^ 

Tae seccmd aiffe^rence is refleetive> I eaid abo^^ that mos^t scientists 
iTOuLd p3£!X3e the logic of inguiry to the corp\L^ of scicjjicec But 1 think that 
vejry feir of *KhaE have e^yer tried to check this logic in the same sense in -^mich 
they check discoff/eries ia their oi-xa fields*. Sie valiciation of the 
logic of iaguii^ consists in shcrriring that certain act5.T:Lties ca^^ried oa 
irithin th-e scientist *xj lal^oretory or sttidy are oybiml ^mys of s'ea>ehiJ3s reraatSo 
Sa the rer^aindar of thio papas:!, X ij^mt to cast doubt 021 the operetioasl ef- 
fectiveness of BC3S cf the pxiblished accouxrfcs of the logic of inguixyj 'She doubt 
Tril3. he ha-sed on speculation about the syetea of science. Specif ically-j, I 
iv^it to e^^aiaSJie -^le sepaYabiiity of Sarfc "J^ 

ih* Pari: 7 is :Jihe activity cf caLleoting da:fcac SLtie history 
of reflection abourb lODdeia science has centered ahout the "gii^^ens" a? l;tie 
scientific enterprise* But \jo ImavT that these so-called givenB are in fact 
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"taken" in a'ather specific and elaborate uB-ys* Oux* teterest hero is in the 
design of o"bsei*VBtica^ ie« ^ in the alternative i-ietliods c^ oljseri^ivig the world* 

At the outset ve need to def:lne "olDsearva-ticn". 'Ihe concepts of pradmcticn 
and purpose T&ich have been defined earlier irill "be useful in this regra'^do But 
before ei5Ltering into the technical details, xie ought to anike a distinction be- 
tireen sensing and ohi^ervins* She distinction is based, on the notion that sen- 
sation is einroly a reaction of a purposive Individual to eomething that is 
occitrring in his envircnnentj -whereas obBervation entails otlxer properties 
as Tjellc Specifically J, obsesrvation entails the recording of the sensation^ 
^rhich Bcenis to m^vM the transformation of the seiasatioa into sense entity TJlaich 
is relatively stable over time. Thxm^ T;e Gay that "X senBes J in environzs,ent 
H" is true if (a) X is e teleological entity in K^ (b) Y is an entity in H, 
(c) Y prodtices a clianga in the behe:vlor of X- ISorBj?XLyp ire should a3-SO Tisnt 
to specJJfy that S'a reaction is puBrpc-seful, i«»e*, can be eonstx^ued as a men?ber 
a? a functional class* 

It seems cmite clear that X can sense Y -irithout "Jrncirlng" that he senses 
it;^ oGLthough an observer could Imo^te* X's sensation ♦ Consciousness ia not a 
necessary condition for sensation « 

¥e can readily see that seneation is a fairly i^ea^ concept relative to 
ovcc pu2*poses« A thermostat^ if conceived as a teleologiC5:J. entity, Tobb Ben- 
GstioiiS;^ as do most instruments T«e use. Observation is tiie stronger concept ue 
require because It invol-^/ee the additions! idea of a record* I^cfs a ^ree^rd 
xmist be related to the sensation in so32Le imyo It \rould be abBv:s^& to insist that 
the record is a perfect copy of the sensevticn;, because th:Ls is H?Ach too strong. 
A l^aboratory technician z^acts to litiirus }?a;oer and vfrites *Ved^" os* "acid." 
Tho record is not read at a3-l; nor is it like his sci-nsaticn in any obvrlous sense ^ ISor 
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can \7Q say that the arecord is aserely sosiething j^codxzced 'bv' the sensation^ "because 
this is 23iu:h too \feako SSae sensations of 'the technician p$»cduce ©am^ *thiiigs In 
his nervoiis system that lie ifould not voxit to regard as ohseinrations * 

Ehe concept of a record ceesas to require other entities and propearbies 
for its meaningo The cine seeins to reside in the idea that if a record is kept;, 
then sdEeone xcay go and ei^Eoaine it, and frosa his exaiainiation iafer that such-and- 
such an ohsexT/atioa i&jbs siade in such-and-si!ch an envlroiHientt Hence ^% observes 
X in H" is true if 

(a) X senses Y in B'j 

("b) S's sensation produces in H an entity Z \jhich e:?d.sts in sosss later 

enviromrient Hj 

(c) a in 53 potentially produces in scfiB3 ¥ a "belief that a sensatiosi of 

some type has occisrred in Bo 
B\j^n this definition a-equires ftnrbher consideration to !Eat:e it satisfactorily 
precise;^ l-^ut for our purposes the idea is clear enough and cj?^ he siHijsariaed 
less technically as follous: qsx observation entails "both a sensatioo, and the 
transf 05:3j2ation of the sensation into an entity mich ourv^.ves over time ^nd x^hich 
Hiay he used to iiif er the occuzTence of the sens£?;fcicn., 

I^inally^ ^re need to discizss the effectiveness of sensation and obse:<:Tationr. 
Usually;, xre eaiiploy the term "accuracy" in this regardo A sensation :1s iiiiaccurate 
if it does not "correspond" with reality* But the test of this corraspo^zdence 
lies in the purposes of -the tester* In other irords, X's eeissation io accurate 
if his response serves soe^ purpose -^exy Kell, and is inaccurate if :it does ncyfco 
In ths saTi^e Banner, an observation is inacciu:ate if the belief it involves about 
an eax'lier sensation is not an effecti-ra belief; "belief" is itself a te3.eological 
action, and hence its effectiveness can be ascertained » 

Saius; the txro stages of observation (sensation and recording) Bis^r teve 
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varying degrees of effectiveness <. Tiio pro^blem cxf the design of oTDservutioa 
is to design the tiro stages so as to maximize their effectiveness. 
In this regard it is \Torth\jhlle mentioning that eliisive concept called "fact-" 
Facts exe sinrply maxissally effective o'bservations . Ihe concept is eliasive 
hecaiise no one has a very c],ear idea about the proper design of ohserving 
systeijis. Oftsn^ -fclie records themselvev^ are tiaken as facts ;, irithout any regard 
for the origin in sensation or for their effectiveness relative to potential 
users o 

15 « We noi7 e:c?amine scuie proposa3.s for the design of observation hy 
turning "back soHie linages of history^ We hegiln vith Jolin Locke^ x^/hose Essa^ 
Conc ei-ning Hxgcaji UadeTstanding can he read as a proposal for the design of an 
ohservero The inain idea hei^e is to introduce the concept of "ohjectivity" 
into the observing process^ and the central point about objectivity is that the 
ob6e3ryer does not "add" anything of hiinself to the sensation • For example^ 
the observer does not add his o^m preconceptions or values* An observer "i^ho is 
convinced that scoaething is true, or an observer xmnts soHisthing to be trae, may 
read his conv3.ctionG or his wishes into his records « Both obse2ryers are "non- 
objective/* The problem of designing an observing system is to capture this 
notion :ln. a suitably general form. Hot/ any sensing entity Td.ll put sc5ueth:lng of 
itself into its sensations; this follows from the meaning of sensation. ^/Siat 
it imxst not put in are "umrarranted" rosponoes*. One slight try to solve the problem 
by thinlcing of a \ihole class of observers of Y in N, and by saying that the 
"objective" component of their responses is the coimagn class prodiict of the 
responses. That is^ -vihat is objective about my sensation is i^hat s©~ sensation 
has in cojiHEon itrith all other sensations of other potential sensers of Y in Ti. Tliis 
seems to be the idea underlying the definition of objectivity in terins of 
"inters.ubjective agreement." But such a notion does require the determination 
of a suitable class of obseri^rs, xihlch surely must have more than one nember- 
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Indeed, fhe nixmfaer of Euaribers in the claes seesjs irrelevant: it is tlie 
quality of tlae cI^igg that coixats. 

Loclie^s solution avoidx> the difficulties of defining tl^e clasB of cci^me- 
tent oTDservex^ts by introducing the very ingsnioucj idea . of the siita?licity of a 
semjatioa* 

Suppose that the inguJxiBs system can establish the relationship 
*Uc oiicgpler tlisoi" het^reen any t^o sonsatiorLSp and supposs i3:i its application 
this relationship ohays the pi'inciplea of siisple orderiBg* Suppose further 
tliat there is a set of sirtiplest sensations • IPinolly;, suppose that any odserva- 
tion can he exprec^sed as a coeiibination of simple sensations, Then 'i^re could call 
the simplest sen6atio3is "ohaective," as irell as any observation that ca:a he 
rediKjed to a suitable combination of simplest sensations*. " 

Loclce gives sorEe Jiints as to hoir an incii?lrin@ system might accoinplish * - " 
these results*. It most have "built into it a paner of reflection that enf?;oles 
it to answer certain questions about its responses, Thus it can always ask for 
the brealcdo^yjn of a sensation into its parts ;, and it al^jays receives reliable 
replies to its ouestion. For example, if it sees a yelloxr square, it lmai[-7S that 
the sensation is nsside up af the sensation of yella\r and of sgi^are. It 'kaovB 
that the first part cannot be broken doivn any further, and is a siiapl^est sen- 
saticaaj it knoirs that the second paii; can and is a, caDibi3a0*tion of a sensation 
of orfcensic}! and of ccmparlsone 

The reflective poi^-ers of Locice's observer ai^e earbreiii^ly imporS^ant^. avA 
T^rithout them the system Kould be quite inadequate to sexve as a collector- of 
facts* "She responses the system receives to its queries about itself can also 
be ranlced by the re3.ation of "is siaroler ths^i/* 2\l.so Lcc3IJe^?* observer i?ill fi^ici that 



1 
The relevant passages ax-^e Ch- 2, Bk II, An Jlssay^oncerning Hi^utan Dnderstandinp; 
As to the objectivity of simplest sensatxaiB7'"See CriapteSTMl^-?, BSC>ir^:uu^^ 
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he can perceive, reta3.n, discern^ coiabine, etc« In genes*©!^ he ^riLll nofii 
"be able to ©"bserve hou he does these things » Perhaps one of the inust in- 
portant thSjigs the observer is ahle to do io to f o:m his olssexTation into o. 
sentence in fscme laaguage that has a ifel3 defined synta:: (iuelndlng a log3.e 
of prepositional functions)* 

One has no difficulty in discerning ho\T very difficult it voii3.d "be 
to design a LocldLon observing systesxo !Ehe chief diff iciiLtyj> as latter history 
pointed out, is the meagerness of basic structure that Locke pernij.ts» Ihis 
meagex^esG is captured in Locke's oim characterisation of his system as a 
*Vax tablet. " In a ^ray> this is an absurd analogy of a system -chat can 
raiili inputs ; and discern, retain, combine, create sentences, etc. Even so, 
the system at times is cjulte passive in its role of observation* It ctm ask 
itself xfhether it has had a specific sensation and the response it receives 
is highly reliable* It can assert that the simplest sei^atian it lias actxially 
had are "objective* " Bitb it cannot xmKe any inferences beyond the capacity 
of its structure • Ihus, althou^ it can ant5.cipate, Locke fails to sho^^ hovr 
the anticipation can be isade objective. Hence, the "future" for such a sys- 
tem must be largely a JBj'-stery- Purtheri3iore, the system is so iJBakJl.y x*eflecti\'e 

tliat it ceinnot operate on its ov/n po'^-rers; srlnce it cannot iHiderstand how it 
d3.scerns, it has no choice in discerning* Althouppi it can i;ill:Cul3.y act to 

retain (record) a sensation, it has little ability to conipare the effective- 
ness of different recording strategies. 

Other di-fficiaties of Locke *s design are apparent: e»g«, if the system 
can ask questions about its ovm actions can it also ask questions about its 

ability to quersr? But these issues need not concern vb hei*e. Instead., \^o 
can pass on to a diJPferent kind of design in iJiiich the underlsring i^tinicture 
is enriched, and use Ifent's first Critique as a prototype- 
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l6. Ife^at'o innuiriag Bystoaa can deterciine vhy it i£j able to discern. It has 
"built into it a iiineiisaticG^ vMch eziables it to differentiate oojects in 
tearas of opsce and tissi* In other irords, its o'bsei'^jutioiial sentences "become 
part of a kinesatical theory j, and the chiiserved ©"bjettts therefore oljcy certain 
rogular lai70. Since the gensraL kineisiatice], Btr^ietnre xesideo 5ja the syat<isa 
itself;^ it is a "a priori." Ttie observational sentences supply the detaila o? 
this general stmcti^re. It should be noted that Kant csi'guss that sncli a 
structure is essential or else the categories of "one" and "leany"^ ifhich are 
essential for any ohses^vatlcn report, are msaninglesB, Hence,, it is incorrect 
to say that in Kant's systesi "o*bJect" sre "stibst^sied" iinder a priori 1mm. Rather 
an oh.-ject is created i^hoiXf in the ohser^^ational process;, an oh^ervational report 
is generated from iihat is "given" and from the a priori structixre. Eie great 
mystevy of Kant*s system is >?hat is given. *2[ie system cannot sensibly a^»k for 
further detail on this q.uestion. Indeed, it cannot even pose the c|uestion, 
becaiise the pui*e given (the input) cainiot be 3.dentif ied or individuated. Of the 
Kantian system one can say that it observes aJid that the system's structure is 
a necessary but not a sufficient condition for the existence of an observational 
report. 

Eiere is one distinction between Kunt timd Locke that is especially iGiportant 
here. Locke's system can discern^ but it cannot linoir how it does this. Kant's 
system has the potentiality of answering this question. Shis is why i?ant felt 
that all ob^jective science must be based on an a priori set of principles. A 
system that cannot ask how it accoaxplishes what it does must leam inductively 
about its oim sti*ucture. Thus it learns that objects obey certain georcetricsl., 
Icinematical and aiechanical la'^^^s . But it has no way of deterTfiining whether these 
reg\ilarities are a pa3:rt of the scheisie which feeds its inputs, or are a part 
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of its cTtfin makeup* Hence Lockiezi systems are i^orever "beset hy the problem of 
3*egulajrity« T^Jhat Esnt iiiao hintiug uas tmt a *trell deaigaecl aystesx of ±ii.q}i±Ty 
ca al'T'JBys ask for the natixre a£* its oim design. 03mt ls> if an JjaguirJjQg 
sj'^tem is \Tell designed^ it must "be able to sx^een in the desigiiex' in its 
series of inquiries « But Kimt hiniself did not go this far^ because he Tjouj-d 
not eXLcr^r his eystesi to query the origin of the inputB, ox* evo^ the nature o^ 
the inputs* Eiis is^ of course, Hegel *3 oh^Jectioii;, and the e3C[>loration a? 
his Eheao3'.2enolo^ie dea Geistes is a labored attempt to sea ijhat an inguJ^rrlBg 
system is like if it has the poorer oS unders-fending its o^m deaign, Hegel *s 
veil ]mami point ii5 that the system* s procedtire of inquiry must consist a? 
settling up a series of theses in siicli a form that the contradictory of each theBi,£s 
is supported "by the thesis itself* ffihis strange method of inquiry is s'l'.ill 
fox^elga to most I'Jestern scientists^ 

17- Perhaps the most radical of all proposals for an ofes-arving sj'Btem is dx^ 

to E. A«. Singer » He ha^v^ seen.tho;b in Loclie's system there is a parsi^i-ony 

■■=* 
vith respect to the structure the systeui itself iacposes en the o'bseryB.tionBo 

This parsimony vaG carried to the e^oreiiie in, Hurte^ and later on in this 
OcntmT i^ logical positivism* Qaly enou*^ 3truct\n:*e is put :Ln to enable the 
system to create oUsei^vational , reports as responses to stimuli a Tlie ta,3k of 
such systems is to try to e:srg)lain a lot on the hasis of Tery little a priori 
structure- ^e process af inquilry of such systems consists^ as in Loclso;, 
in huiQ-ding Imoi-rledgje f rcsi eleiaantary^ direct ol:)se"rvatia?.B* *Xhe direct obBexva-^ 
tions are tojcen to he ncsa-deconiposableo In mcdeiTi positivism^ these "basic 
bu:Lld:lng blocks sxe the KaiclmLly egreed upon reports of the systDm* . . 

3n iSiager's system,, inquiry hegins by taking an obr;er\ratiCT.Vvl 
question and deccBposing it until diseg3reement is reached* !Ehe pi'oce::^s 
can be illustx^ted. quite sijupljr* Sie systesi responds to a stjfjiiulus 
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by the repoi't "A is green. " It then queries whether this same report occircs 
everj' t jfjns the stimuluB is presented to a system lilie itself in this kind of 
ah en^/ircnment . If the ansxrer is "yes," then the system must deconipose the 
question. In Singer's formiJuLation, the decampo>sition consists of finding a 
set of propositions such that (a) each proposition inplies the original 
repoi*t, (h) each is a contrary of the others, (c) the original report 
:Uig?lies that at least one of the propositions is true, and (d) the entire 
set can "be ranked hy some relation- Thxis^ let p be the original report • A 
decoBiposition of p is a set of propositions p^, pg, p^ — p such that for 
e-very i ?n, p. implies p "p and p " is logically false, 
"p implies p.. or p^ or p — -- or p ," is logically true, and for irtiich a relation 
S can he found satisfying the axioms of ordering. In our example, "A is green" 
can he decomposed into *'A is light green," "A is plain green^" A is dark green*." 
^e system noir tries to inai^e a new ohservational report with the same stimulus 
and enviroiment, in t^riiich it is constrained to the decomposition. It 
again queries for agreement, and if agreeiiient still ohtains for one inamber of the 
decoiopositicn set, it sets up a new decomposition. This process is continued 
imtil disagreement arises. The system novj proceeds to do two things with 
these disagreements. It sets up a scheme for adjusting all observational repor-bs 
to SQXoe standard set. of coD.ditions; that is, it accounts for some of the dis- 
agreements in terms of time -dependent laws. If -^ the ad^justed set of observations 
noir all agree, a new decomposition follows. If they disagree, the system applies 
an cmalysis of variance; that is, it accounts for the disagreements in terms of 
random 'v^ariation. If the analysis of variance shoi7s "no significant difference," 
the system will assxmie that any a priori structxjire it hes used to frame its 
observational reports is satisfactoa^r. It TriLll continue to do this "until either 
(a) the analysis of variance shows statistical differences too large to tolerate. 
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or {b} some alternative structure ^ich can opeaute ecrtially ^rell is proposed. If 
the latter sitiiation develops, the system seeks for nevj decompositions e^id tests 
so as to resolve the question as to XThich a priori structare is correct. It may 
also neglect a proposed structure because of 3,ts compuciaticrL'Bl a\to're>rdness or 
xor soHie other reason* Tflienever no structure can he found to accoianiodate all 
the ohserroAional differences, the system operates with severral contradictory 
ones until a nev si>ructure is found* 

Singer *s system is only mildly governed hy the criterion of pa:csimony. 
That is, it may throw into the a priori structure a gx^eat deeX that is not 
directly related to observationaJ. repoi'ts. It can cliallenge this aiffluence if 
it CBJi propose some structure that uill yield a satisfactory analysis of variance 
and that is in some sense more economical. At any state it vill accept any 
part of the structure it is using as "objective." ©lat is, it malces no dis- 
tinction befcreen the objectivity of observation and of theory, simply because 
no observational rex)ort by itself ever means anything. Something is accepted 
as factua3-ly true by Singer's system only xjhen it is a me^iber of a set of ob- 
servational sentences that differ, or f oIIotjs from a set that differ, and which 
are adjusted by a theoretical structure- Singer's system has no "direct" ob- 
servations in it, so that it is not embarrassed oy its ability to introduce into 
its structure whatever will make it operate. In psychologist's ter^ns, it zaaices 
no distinction between intervening and non-intervening variables, since the 
v/hole structure that brings aboxit consistency is as objective as any part. 
Tiie system does, however, have some d^i'ficult decision problems to solve: e.go, 
\jhat steps to 'balie \ihen two alternative theories both satisfy its criteria in 
the analysis of variance, and iihat steps to take when no theoiY satisfies the 
criteria* Wien two or more alternatives are satisfacto3:y, it must decide 



26. 
•yiiether to decompose the reportB sti3.1 further, or to test the adjxjstment rules 

in irider coatexto, or to discard one of more altema^tives on the hasis of re- 
lative cG32rple2£ity, It must he admitted that in practice such systems oxe 
more often faced x*7ith the prohlem of proceeding irithout r Batisfactoi^y theory 
than in choosing among tvo or more satisfactory ones* That is^ so-called 
inductive prohlesis are leas apt to occur than discovery pz-obleniG. 

18 • We have descrihed three alternatives ways of designing ohsei^vation^ 
Tjhich cle;;a*ly do not exhatist the possibilities* llhich one shoxald be chosen? 
It is cbv5,ouSj I hope^ that the traditional ansi^er to this question iron't 
do in the present discussion- Tliis ansirer is that one should choose .that 
system "V^hich best describes hair men do ("in fact") learn • Undoubtedly, this 
vas the intent of Locke and Kant, and to some e:ctent Singer- But our interest 
here is in the design of inquiring systems, so that the manner in vhich men have 
learned csja be regarded as only one alternative design, and not necessarily 
the best* 

The ansiTer to the question seems to depend on ^what the inquiring system 
is supposed to do (Part 2). For example, compare a Lockian system "irith a SingeriaXi. 
Locke's observing system puts an end to further inquiry about this object 
in this envircmaent once there is sg^tisfactory agreement about its. properties. 
Singer's system talies agreement as €^ unsatisfactory state, i.e., as a problem, 
and sets to york to create a new problem about this object for irhich agreement 
does not obtain. vJhat is the point of either procedure? Xn Locke's ease, 
the answer mxist be that the aim of an inquiring system is to create a set of 
facts that are satisfa/itory to 'liie employers of the system. Ustially this is 
paraphrased by saying that the aim of inquiry is to satisfy intellectual 
cin:iosity* Hence a Lockian observer mght work very well in a context 3jt3. which 
the system effectiveziess was very e:rplicitly tied iirbo states of anticipation 
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and satisfaction of a set of employers of the system^, especially if these 
states xrere directly aad cle^orly recogi'ii'-iable. lu the tei^ius of our earlier 
discixssion^ \tq are to iisagine that ci pa:i:?t of the ino^uiring system determines 
xjioat is not imoim (by a 4^S^sat)j that it deterMnes that scanething not 
Imoi-na .xfoxiLd he ironderful to laao^/ ("by a feeling)^ and it imoiis directly xrhether 
a given process has satisfied its cirriosity (by a jTidgment and a feeling h This 
part of the system is separated in the sense of separation already described* 

Singer's system vo\ild seem to vork best vhen the objective of inquiry X47?j3 
to create new problems^ becatise the observer always seeks to put his 3Jiq.uiry to 
an even more severe test* Eie satisfaction of intellectual curiosity for these 
purposes is irrelevant; the fimction of the system is to create dissatisfaction 
of intellectual curiosity* 

Heedless to eoy^ one could combine the t-vro aims, or propose another 
(e^g. , a "practical" objective of inquiry) • The point is tha,t hovrever the 
question of objectives is ansvrered^, it now seems c3,ear that the obser^ring system 
is not separable: its excellence depends on Par-h 2, the i)art that determines the 
objectives of the inquiry- In other Trords^ by the principle stated above^ since 
the effectiveness of observation depends on the effectiveness of Part 2, observation 
is a nonseparable part of inqui^yc. We could pursue this point further by sharing 
that the criteria of pe:^,tCc:»:^?jLice of observing systeras also depends on the com- 
munication systc^n (Part 11)* For ercample, a coromunication system that sinply 
tranaiaits observational reports siiglvb be effective for a Lockian system^ but it 
would be poor for a Singerian system which requires sufficient information to 
adju^^t for disagreeaient* 

19 • But It niay be more useful to illustrate fur-ther the theme of z^dical 
altei^natives in the dew^iga of Inquiring systems ♦ For this purpose, conBider 
Parb 6 and Part 9- -irhieh are concerned with the design of escperiijjents aiid the 
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analyGxs of results* In the so-colled veil-designed erperinient the folloiring 

ccnditions Hust hold: it is agreed upon "beforehaud hoir to classify the ol)jects 

of the erperlHient and tdiat Gha3.1 constitute the gi'oiinds for accepting or 

rejecting an hypothesis about these objects • The e^oieriiiient consist js of a 

series of operations xSiich result in certain obseruutional i^eports that classify 

ohjects in the pre-specif ied saanner, ajad a series of steps applied to the reports 

that lead to the acceptance or rejection of the hyi)othesis* We are inclined 

to say that an e^sperilsient that fails to meet these tuo siinple criteria is no 

e:rperiment at all. 2hat is, soaae aspects of correct e:cperiiiisntal desigja can he specified 

independently of any other pairt of the inquiring system^ But can they? 

Consider an "e^rperiment" which can he suodivided into a set of jha^vas- 
At the end of each phase the inquiring system makes one of these decisions: 
(a) to keep -^he icethod of- classification/ 3Aid the hypothesis -test procedur^e, 
and to gather more data; (h) to change the method of classification and/or 
the hypothesis test procediire^ and to gather more data; (c) to terminate the 
data collection, decide on a final classification and test p^rocedure. Suppose 
\re call this the "elusive" experissent. Is it an e:q?eriEent a-t a3JL? One is 
inclined to answer in the negative^ for if the objective at* the system ^j-ere 
to prove SQisisthins it wished to prove, it could not do hotter than to follov 
this design. But this would he contrary to the feasic notion of objectivity: 
naaisly, tliat the system's oina iri.shes do not influence its procedures • 

nevertheless, the e3.usive "experiment" does a^cur in a great deal of inquiry. 
As the doctor exsordnes the patient, he keeps deciding and redeciding how to 
classify certain responses, as well as deciding how to determine what hypothesis 
he should he testing. Consider, for e::caiiiple, the sciiiewhat irrelevant challenges 
that are often leveled at psychoanalytic techniques, hecauiie they fail to 
»»prove" that a certain laethod of treaticent really he3-ps or. cures a patient. 
Eie critics argue that one should select a group of patients who have been 
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treated and a siia3.1ar gs^oup that have not; that one should he vesy clear at 
the outGet vhat "treatment" sss-sins and -what "c^iro" m^ono, and finally that the 
test of the hypothesis that more treated patients are cx^red than \3atreated 
shoiild he specified and logically defensihle. But one might 3:'eply that the 
cure of any one patient is nniquely appropriate to him and to no other. Hence ^ 
o5xLy after one has examined the patient can one decide Tzhat a cnre 
troxild he. But eraiaination in this case is the treatment, and furthermore 
e:s3iiiination is alr^o a unique procedure for each patient. In such circum- 
stances it jnakes no sense to talk ahout a cure for an untreated patient^ or to 
specify beforehand vhat a ciire really is. Instead^ as the process occtiri3;, 
the analyst keeps changing his classification method and his concept of a cure. 

IThe obvious reply is that all control has "been last in this procedure. 
But this reply is not easily oustifiahle. For one thing, it might "be possible 
to conduct an elusive experiment in vhich the decision -rules were specified 
beforehand^ so that one imows under what cireurnstances the inquiring system xfi3J. 
make one of the three choices isentioned above. Shis could be done if the ob- 
jectives of the inguixy were clearly enou{^ stated so that soose value could 
be placed on the outcoases of each of the choices^ and if some estimate could 
be loade of the iiay in vihich a choice is related to an outcoise* 

IJo one seems to have tried to forsialise the eluisive experiment, perhaps 
because present day inguiring systenis in science are largely ijinlsnaginative 
irith respect to data collection, i*.ich is regarded as a rather dull task, 
better delegated to less creative minds. But it seenis clear that the eli^»ive 
experiment is a choice the ilnquiring system could Esal^e, and that e^rgerisiental 
design is not a separable part of jjaqiiiry^ 

20. Sie lack of iioagination in eirrpirical irethods ha^ been partially conipensated 
by the large amount of creative insight one finds in model constructiozi. (Pari; 3) 
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A centtory or so ago, jaodela construction vo3 constraiasd by a certain kind 
of logic (tTro-*iifBJ.ixed), by a certain IdLnd of arithDistic (without iiraginary nxiSTabare), by 
a certaix). kind of gGometry (Euclidian)^ by a ceirtain kind of kinematics (absolute 
simultaneity)^ and so on. As our science gre^^^ the part of inquiry that gen- 
erates models shl£*ted to more and more radical concepts of model construction. 
Perhaps one of our most sophisticated findings is that there are ijiany modal 
choices for a given kind of inquiry, and that model construction is not 
separable from othei* pliases of inquiry. 

21 • To finish this essay on the characteristics of inquiring systems ^ ve must 
return to its central problem: namely ^ separability of functions • 

So far, ¥e have been considering the case of a fixed sepsiration of a part; 
or paorts of a system. But this consideration may be too strong. Actually, all 
that is I'equired is a temporary separation;, so thab one can proceed in the 
developrnent of the system. One may want to proceed in this ijay because he feels 
that separability is a desirable characteristic of system. It permrlts control 
relative to fairly specific objectives; it permits an adequate scanning of 
alternatives and a reasonable evaluation of each. Hopefully, then, if one can 
perform reasonably well in each sequent, the whole Trill be reasonably satis- 
factory. ;Cn the case of inqxxiry, the dominating criterion of control is objectivity^ 
one ^/ante to be reasonabD^ sure that the evidence for a state of affairs is not 
itseli' distorted by the feelings of one of the investigators, or seme eidsernal 
but unknown influence. M!e believe tliat the larger the system, the greater the 
risk of non-objective evidence. 

Miy do we believe this statement about inGuiring systems? Possibly 
becaiiise of our z^ecent heritage in suatters of Jaiquiry. Modei^n mechanics began 
with the study of one body, and when this system V;as understood, it went on to 
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the study of m2zx^ "bodies, of fields ; and so on. So in lEcdera j^ih^ thooiyj 
ve find atudents of conflict "who bslieve that one starts with a simple constant- 
Qxxm. tuo parson gap^^ and that the cptisnal behavior of people in such a sitvation 
can he fially understood regardless of any other conflict situation these people 
laay he involved in, and regardless of any other character iatic of the world. 

Thus, even though sepaiuhility laay never occur in a jrcire and permanent 
fora, shoulfin t we act as thouj^ it holds, as long as i^e can legitimately do 
so? The principle that motivTates one to ansuer this question affirmatively 
isay he stated as follo^irs: so design the inquiring system that some of its 
parts are ylrtxially separated. Proceed in the study of the separated parts 
and only reconstitute the system xfhen separability is no longer feasihle. 
This is surely the spirit of much of acadeiaic research and a la2:*2e part of business 
and govesi'maent research. 

This paper is designed to cast douht on the adeq^uacy of the principle so sfe^/fced. 
In order to jnake the conclusion more precise, it is necessary to phrase 
the principle in a more precise %?ay, so that its contradictory hecoi^es apps>rent. 

22. Consider, as hefore, a system S xxith subparts S . Instead of considering 
the system as a fixed entity in tiias, consider a method cf operating the syste:2a 
as though its parts irare separable as long as the system behaves properly, c^jad 
of changing the parts 'trhenever the system fails to operate properly- We 
shall call the principle by xfhich a part is changed a. "trausf orciaticn function. " 
The crucial point in the design is xrhether one can recognise the imeatisfactoxy 
state of a pai*t without having to study the entire systesa. This is ec{uiva3.ent 
to asking lAether the transforiaation functions are, or sre not, functions of 
th^ prior states of the parts alone. The separability principle '.^ith •u'^liich 
ire are concerned, states that the transf orri^ation functions are functions of 
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•fche prior states only. Specifically, it says that one can partition S into 
Gubparts in such a manner that 

(a) decision rules can be constructed for each ]gartj 

(I3) the application of the decision rules dependa only on the prior states 

of the parts (i-e., the parts are separable); 

(e) there exists a function of tha prior states of a part only, \&ich de- 

terndnes vrhether the part is stable (satisfactory) or unstable (unsatisfactory); 

(d) there exists a decision ru3.e applicable to the system that xrill transform 
an unstable part into a stable part; 

(e) as soon as instability of a part occurs, the system is so transfonned 
that the pai^t becomes stable; 

(f ) the set of all possible decision rules governing each parb, plus the trans - 
forii2ation rules that send a paai; from an xanstable to a stable state, according 
to (a) - (e)^ contains at least one meaiber that is superior to ariy other rul-es 

for operating S^ relative to S's objectix'es. 

The reader iBay recogsaise that this principle underlies a good deal of 
present &ay reflection about adaptive behavior. For example, the principle 
is inlierent in statistical quality control procedures • Inspection, which 
plays the role of an inquiring system for i^roduetion, partitions the prodxiction 
systr:2a into parts, identifies the properties of the parts, sets up standards 
a? stability in terins of control charts, signals instability \;hen it occurs 
solely en the basis cf the data, obtained frc2i the parb, reconstitutes its iniage 
of the system lantil the "assignable'* cause is found. Similarly, the model of 
a "satisf icing man" shoirs him to be one who breaks out- reals acMblS^- siaed problems 
of decision, vbo pursues the problem to a solution that £s;fcisfices, ^fno recognises 
satisfaction or dissafefaction clearly, and nho takes these to be criteria of his 
control of the situation. 
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23* She negation of the principle might take one of several fornss, 
depending on what aopecto of its lengthy eet of assertions one wsjits to 
hold f iiced. 2he intent here is not to qiiestion the ad^rLsahility of 
paartitioning systesiB into parbs or of attempting to control the parts. 
Eather in the e^cajaples set forth in the paper ^ it is clear that the proper 
perforiaance of a si73)pai^t depends on sonie concept of the xjhole system. In 
other ¥03:**ds, Tfe have heen saying that the criteria of the stability of the 
parts depends on a concept of the stability of the system S itself. aae3*efore^ 
the alternative principle ire have in mind is one that modified (e) and hence 
(f )♦ It asserts tlmt one ought to determine instability by examining the 
whole system as irell as each part. 

Kiis principle reads: 

(a) (as before) decision amies can be coni^tructed for each pa:rs;; 

(b ' ) the application of the decision rules depends on the state of the 

•ivhoD-e systemj 

(c ) there exists a function of the prior state of the part and of the 

uhole system^ ifhich determines whether the paxt is stable or unstable; 

(as before) 

(d) there exists a decision rule applicable to the system that vill 
transform an vjistable part into a stable one; 

(as before) 

(e) as soon as the unstability of a par-b cccin:s, the system is so trans - 
fonn^d that the part becomes stable. 

(f*) the set of possible decision rules of each part^ plus the trans- 
foriiiation rules that send a pai*t^ according to (a), (b-);> i^')? (d) and (e) 
contains at least one member that is superior to €iny other x*ales for operating 
S rela.tive to S*s objectives. 



3h. 

I said earlier that our recent heritage leads ois to be syiirpathetic \rith 
the first principle of the design of systeass and not the second. But older 
trediticnc. Trould reverse the preference* ¥e don't need to he reminded of Plato's 
typical attack on system design: from the general idea of good to the specific 
details of goodness. But it vas the seventeenth centurj'" that voiced the 
rationalism of system design most clearly. Despite the differences in usta- 
physical theories^ Descartes ;r Spinoza and Leibnia all sbm that an understand- 
ing of Imo-j^ledge coiiLd only occur if one first came to an understanding of God;, 
vho is the supreme inquiring system- The tox^tuous path of Descaarfces's medi- 
tations lead him evei" and a^ain to retuaii to the most tormenting of all reflections: 
the deception of the rational mind. Convinced that deception is possible even 
for our most firmly established convictions, he could see no solution to be 
foxand in the individual inquirer himself. For him there couJLd be no point 
in a mind's asking itself iihether it eoTlLd conceive the opposite of tjhat it 
holds to be so obvious. A negative answer coiild not constitute evidence for 
one's convictions. In this regard, he differed from his British co3J.eagues, 
some of \^om, used and still use the introspective qiiestion as the funda- 
mental evidence of -their philosophies. But Descartes could construct a 
model of the universe in vhich the more convinced a man ^/as, the more \rrong he 
ijasj the more inconceivable a proposition;, the more likely it would be to be 
correct. This was the \:aiiverse of a deceiving God. In the language of this rep^trt, 

if God is -tliat aspect of inquiring systems that controls the flor^r of evidence 
(data); then a deceiving God would create nothing by self-deeei\'lng inquiring, 

systems. Hence for DescasTtes the first task of the design of inquixy is t*:? learn 
enough about God to show that self-deception is not possible. Tae concei^t of the 
whole system in pe^rt dictates the design of any individual system. 

In Spixioisa, the design of inquiry is made most cirplicit. His a^.iomB 
are designed to establish the properties and the existence of the most general 
system^ that system which cannot be a part of another. She most r^eletfrmt 
ass*Ui5;pticni3 are : "Id, quod par ^iliud non potest ccncipi^ vex se coneipi 
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deMt" (A^c. II) aad ^'Quicouicl ut non existens potest concipi, e^us essentia 
naa involvit esistentiam" (Ax. VIl) and "Per substantiam intellijO; id, 
quod in se est, et per se concipitirr" (Def . Ill)* From x/hich it folloiirB: 
"Deus, sjjxe substantia co^tistans infinitus attribis, quorum unuiaq.uoaciue 
aeternam et infinitam essentiam e^cprimit, necessario existit," (Fi*op. XI ), 
and,. finally, and most pertinent to this discom^se: "Quiciquid est, in Deo est, 
et nihil sine Deo esse negue concipi potest" (Prop. X\r. ) 

Translated into modern systems langxiage, these assertions tell us 
that one cannot estahlish the existence of contingent objects imtil ije 
have first established the non-contingent, i^hole system. 

I^eibnz's "whole system" concept differs frosri Descartes' and Spinosa's 
in the model as vrell as the purpose. But he sai7 much more clearly than, did 
the others the central problem of optimal design. The moimdology is a bold 
and amazing attempt to delineate the essential aspects of a designed system. 
Its chief contribution;, from the point of viev of the present disciUJSion^ iti 
that any one system must have all the aspects of any other system. In other 
•words, one shonld not. thi)ak of system design in terms of degrees of complexity, 
"and it; Is incorrect to differentiate one system f ram 'an.other in te:^:i3s oi' 
the number and type of their components . The correct taxonomy of 
systems must be expressed in te3cm3 of the relative effectiveness oT the 
operations of the courponents. In other vords, systems differ solely in the degree to 
\jhich they operate effectively^ This implies that the theory of systems 
design is meaning],ess unless it incorporates a definition of the most 
general system. It must be emphasised that Leibniz is always talking, apout 
systems in the sense of this paper, that is, teleological entities. He 
is not concenaed vith the ii^chanics of systems design. 
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Tims^ "Ctogae asie connait I'lnfini, commit tout, ataiis eoafusiu^jsnt." 
She con:ftisioii of systeais is the critical point of the Mozmlology and the 
cent:ral concept is tiie degree of distinct perception* Leibnia actually 
rese:cT^*s the wox*d "mind" for those ^yste-ias having a degree of distinctive- 
ness of perception ahove a cei^baia xalniistim (MpBadology, i^. 19). God is 
th^ perfect systeia and provides the essential standa3?d ???>? the ixieasuire of the 
distixLctnsss of perception (Monadology; p, 1^-3)* All systerjis for Leihnis 
have tvo primary functions; vhich ve coixld translate as "goal seeking" and 
"perception/' corresponding to onr racdea^ terminology of "output" e-nd "input"* 

There are wa^y statexiusnts that Leihnis malces to substantiate his claim 
that eyste-ns can only he understood in terins of total systeiais and that total. 
systems can only he understood in terms of a perfect system. Perhaps the 
folloifing mil s\iffice to represent these* 
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Principles de la nature et de la igf^oe^ 'iP 13- 
Biscom's de siStaplyfsiciue^ p. 19 . 
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'*CcHime je n'aiaie pas de i)uger dec gens^'en n^auvaise part, Je n'acciise 
pas'XT^' nos nouveara: pMlosopheSj qui pretendent de "baimir 3.es causes fjaiales 
de la physique^ loais Je suis neaiunoins oblige d^avouer mie les cuites de ce 
sentiment eiq paraissent dangareuses, surtout si je le Joiixs^ celui que j'ai 
refute^ au carsnencejiisnt de ce discours, qui seuible aller a le:^ ^ter tout ^. :?ait; 
conHne si Dieu ne se proposait aticune fin ni bien en agissant^-^'^'', ou comme si le 
"bien n'etait pas I'objet de sa volonte. JeJ'-"^'^'*" tiens aii contraire qiie c'est 
la ou il faut chercher le prlncipa de toutes lee existences et des lois de 
la natux^SJ parce que Dieu se propose toujoux's le meillei^ et le plus p,arait. 
Je veux bien avouer^ que nous sonmies siyets a no\is abuser ;, quand nous voulons 
deteradnei' les fins ou conseils de Dieu, isais ce n*est aue lorsque nous les 
voulons boraer a qiielque dessein parfcicvLLier; cro5rej:it quMl n'a eu en vue 
qu'un seule chose, au lieu qu'il a ne xi^me temps egard a tout*" 

A translation into modern concepts (and a condensation of this; 
passage Eii.ght read as follows: 

*^1 don't vmrb to prejudge people's intentions a^d therefore I don*t 



Ux'sprtSaglich: de 1' intention des gens*' (L) 

-•^•Ursprunslich: '*pas d'inrpiete" (L) 

vj^HrUrsprunglich : "j oblige woe Je n'y reconnais pas leur </sprit et lein? prudence 
ordinaire J Je veu;: bien avouer qua ce n'est pas i).tvi: I'ha^m^ soul que tout est fait'* (h] 

-;t-K-:H:-Xj: *'i3-b poiu* mois Je" (-^ias nur ursprung;lich im Manusla'ipt gesta^oiien liatte) 
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morally criticise. conteHpoi'ary pl^ilosopherQ liiio irish to get rid of pur- 
pose in Ecience and sytsteuss design. But ns'vei'theless, I must confesjs 
tlaat the conseq.uences of their poGition seem to me to "be quite dangerous. 
'ISaey "believe that there is no such thing as sui ovei'^l system or a most 
general system. On the contrary I hold that it is in the concept of an 
overall system and its perf oi'-inance that one x/ill find the underlying prin- 
ciple of every part and the performance characteristics of the part, he- 
cause the O'V-erall system is the only standard of good or excellent perfor- 
mance. I 'tjant especially to emphasise that one only ends in confusion 
vhen he tries to deteraiine an optimal plan solely in terms of some par- 
ticular design, as thotigh the vhole system had only this part to "be con- 
ce3med about, instead of its entire operations*" 

This ps.i*t of the rationalist's thesis \ms not netr in the seventeenth century, 
of couicse, and even today one could easily find adherents to its hasic vieiipoint- 
The other aspect of rationalist doctrine is equally imporbant, This is the objectivity 
of the vhole system. To a rationalist mind as to ^n eBrpiricist, nothing 
can he aclmitted to the fund of Imoirled • ths,t has not passed the moot cai'e- 
fixLly designed criteria of objective tinith. 53iis is -what maltes the "T-diole 
system" appi^cach so difficult, and e:icplains iday theology and science today 
have no common meeting ground. A theology that above all must postulate 
a God regardless of its inability to satisfy the criteria of precise proof 
cannot e:cpect to find acceptasice as a branch of science in an age \ihen the 
essential featiire of science is its strict adherence to standsxds of precision. 

The rationalist thesis in this regard ^vars a very direct one. If God's 
existence is to be proved, it must be proved simply. 5Sxis does not n^an 
that ii; is a simple matter to find such a proof, as the tortuous passages 
in ^Descartes and Leibnis clearly shox7. But all -who have tried mathematics 
had that auite 'ijonderf ul ejcperience of ' f :LndJ.nS;. after hours or yeai's of 
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labor, a vazy almglJ^ ^raiy pi* proving so'jai^thirig that mi3 not olriious at the 
outset- 

2Sie failm^e of rationiilisia lay in its inability to find any sxic!li 
simple proof. It was Ifant lAio finally esiposed the fdvllaciea cf a3J. 
the proposed s*iizrt>le ijroof 3 . !I3ie essence of the Kantian refutation iras 
that the conceptt^al fxeM^xrork reauired /by science to give meexins to 
esr^srience \mB not logically strong enough to ests'.bllGh a God in the 
sense dexaanded by a Leibniaian theory of reality. Jjx the past ICantian 
pericd^ IlegeD. attempted to revise ICant*s notion of this conceptual framS- 
\TOXk.y and thereby to establieh an Absolute Mind. His Absolute Hind pla^'£i 
e^iactly the role required of a 'H&ole system^" because it establishes 
the gi'ouiids fox* meaning in any aspect of reality. But western science 
at legist ^ could not tc3.erate the eicbiguitiee of Hegeli^m logic ^ t*jhich retiuired 
contiBdiction as a necessary condition for proof. Today conti'adiction 
still pl^ays the same role as it alivays has in ^restem science; it is that 
vAiich establishes the stopping pojjit of fornjal inguiiy* 

Tod^ay ire can look at the struggles of the last centui^ies in a someiilievb 
more relaxed manner than did their philosopherB . Do \re have to establiBh 
the e:ci3tenee of a iThole system in order to use the concept in designing 
systeins? Furthermore, are we re(juir^»d to go the \ihole iray, as Descaictes^ 
Spinojsa and Leibnis thought; and establish en ens re^OLigigjm^ i^e.^ a system 
that is perfect in al3. concelvsible arespectsY Shird, were the rationalists 
correct in asserting tlaat the proof of the existence of the whole system ce^i 
be established objectively? Since the consideration of these questions wilJ. 
seanre to conclude this essay, \ie can bast p:;oceed by proposing som* answers 
3ji the ifay of theses about systeiiis design: 

(a) 53ae t-jhole syBteni must be rea3- if it hais i-my function at all in 
systen;. derjign (realisii)5 " 
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(b) ffiie TJhole sy£)te2a xsLUst "be teicen to be as per:?ect as cm* present 
estlimtes eXlmi' ±f it Jnas any fiHT.cticQi. at i^Ol in liirsti^^ dSBijp (iiioxrlsHi)^ 

(c) Slie m^oof a? "'felis e^idatence of the irhole aysteia .and it.B properties; 
must riaet the roquireineats of scientific evidence (^rationalism). 

Rcoposition (a) contradicts the philosophy of conventionalism. Fe\r ^/rould 
cxiiestion the c on veniejace of using constructs that ensJble us to integrate chat 
eiiipirical findings. 3?o:c exs'japle, students o:? organis^ition theory oi'ten j^uit 
as though there really 'vfere a total organisiation "out there/' Just as political 
scientists soiofitimes sciem to act ao though tlaere is such a thing as the federal 
goverjusent^ and engineers as though a total generator plant existed- To a 
strict empiricist, ho-;^>ver^ tlHJse suppositioiis aice nierely convenienb 'ways of 
trying together a serletJ of o^bservations . He woixld not permit the scientist 
to cloJia reality for his construct^ since the construct is never ohserved. 

Tiie empiricist has adopt:ed one ans'irer to the problem of the ontological 
Btafoviii of sense inrpressions^ m an^si^rer that he fcalces to be based on ihe prin- 
ciple of parsimony in raquiry : never accept any idore than is strictly variraiiited 
by the evidence* Eie difficulty 'ivilth his tmsver is demonstrated in the viis- 
caission of this paper • If he is telling mi hov to design inouiring syst3,a.iS;, 
then ye must aB?£ ^^hethor 'the kind of parsiiao^iy he requi:i*es is desirable. Thi? 
answer to this ijuestion depends on the ^namnei' in iriiich the inguiriiag systein 
Sathe:t:»s its av3.dence. To an empiricists the inquiring systeEi xrould say that 
the rose before aie on the desk exists because, it ia observed* But it may 
question -v/hether a rose as such is really there- It uill assert that the 
appear:ance of a rose exists because it can construct this appearance out of 
direct observations. In Singer's system, x\o observBtion has any claim as 
evidence until it has been embedded in a seguence of differing observations. 



l-ae oaly t^s^jt ia xrhicli -fcHis embeddiBg cazi take place is for tlie aystem to oca- 

ntwLot a isodel of reallby in triiich there J2a?e classes of ravilcsd SEtitiss mmiv 
^^ts iS- ifmeanin/ul, say, only if there is a cD^ss of entities tne.t cat 
he .^aniied along a color ssecti-um. Oaa Eisy still q-usstioa x^iiether .He el^usr. 

itaelf really exlstB. One model of reality slight asserb that the oh^ects ol' 

the wrld cea oaly talie on a certain fisxite set of values ±a a ccntiiiuous ranra.. 

©le other toIuob are logicel poasihilities that are never realized. A se^cmn. 

model of reality would assert that the objects of the world can take on ax^if 

mine in the range: there exists one real entity havtes i^ny given -^ralva iii ^±ii 

Ttrnge. The point is the.t in Singer's iaquiring systeui either of these mcdolu 

is ko he construed aM & (partial) methcd of adjTiatiog olaeervatioiis . Tiie f±rs:. 

moael idLll t^e any reported reading sind adjust it to one of the finite set o!' 

psKaiBsihle values in the ;?ange "ahile the second way adjxist it t(5 any Ta3.ue :l ■;: 

the range. Ho ohservatioja exists tjaless scejs Eisttiod of adatisitireut is a'v^uU.a!::-;;. 

■ M any stags a?""Squiry', the inquiring systfem ^"ill not he atae to ceriiify 
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cca*rect ncdel^ cmd hence lb irill not l>e gible to certify onsr 
correct a,dj-usted observation, Tne reel Fioclel and the xeel obsei'^iuticja aj:e 
miattaimble limits a? the system's activities. Bub the £iy:ste!a :raqu:L*tes 
the existence af these limits in order to operate at all. Hence, the 
t/hole system m\mt he real (even though uxiknoxm) if it is to furicrbioii 
at sXL in the desiga of the intiuiring system, vhich is i^wX x>roposition (a) 
asse3:'fcs* It nmy be noted that neither model (the r:me tliat is constroiBec. to 
.ad;5\ist to a f j^lte set or the one that is not) is no'.cessifi^rlly Bore 
parBimonioiaB than the ot;her. Parsimony, in Singer's system, mist 
be defined in tenns of the costs of c^e:?atins '^^-^ system -md not in 
tezim of the simplicity of the entities of the system- 

Shiis, the validity of (a) dependss on the settlejiK^nt of an i:isue regriirdia • 
the design of the system. I hB.re given a very specif Ic illtLet:^;\vi;ion of haw t lxi- 



it3sue iidglit te ccnGide:recl, Another 5.11uBtj:a'bion cotO-d t>e dex'^loped arciiucf. xhe 
p/'aMeiTi of in:?ciiHat:lon flow. Should the iiig;air:lng t^jBt^xx 7:e(^^Td an dbse::v3:t±cn 
to be real independeixt of the iitathod a? ibf;j fcransiciiLttal^ ox* do33 au dDseL^x-a^jicri 
gain tentative ajecej?t^ic:e oxil.j by virtue of *fche fa<it that it can ba ahcvJii 
that it can be trejasmitted? If the latter arxEvrer aeems best .for the pux'pDBe 
of ByntemB design^ idien one mvBt ajccept th^ij :L*sal.ity of a tra'asxaittal eyebEiix 
if one acceTTts the rea].lty of an observation. In. liiore general teri!i:T.; one 
Blight argue that mo^t o:cgaBi^atioBS "exist" becai^isi:; irithout orf;gj;aiiia;bio:of:i, 
there is no such thJjig iis Infci'mation* 

l^.'opositiou (a) isaJies no coamiitment about the meanins of 'Sfhole^\ '.iiivis^ 
one Bifj'iit ergua that orly SHiall sectioriB of a tots'J. possible rea5.ity mjav^ be 
ajBBvmBd to e^d-st, even though one designs inquiry rJ.ong the lines that S:bagev''B 
analysis suggests « Bit Proposition (b) asaei'ts that the on3.y adeqioate diifiniltior 
of 'Sihole" is in teruiu oS a perfect systera. 

In philosophical, tradition^p X is perjfecti if it is not l:Lnj,tGd iu 3or?;0 
respect* In other iroaxlr,^ the general pi'oi^ex'ty "gocd" caa be svbdi^jlcled into a 
set of prope^rbieGs intelligent;, beau:fclfxj3.; Imoxriaigj, po'tres^ful;, and £jo on. 
Entities having these properrtitss can be rankedj, so th£it for e:ceiij}ple« "is more, 
po??erfvCL 'i:ihan" orders the objects of the word.* For each such t)roperl;y '&lis:re 
±B a uJs^iclriHl entity I e.g*^ 0:11 (mtit3r yirhlch 1b niore povasrful th^D. any othcrr 
entity. Pinalli'";^ it is asfsertrid that the maiiiim-l entity in £ill the 3.>ropu;rtir:,^fj 
of gocSness is e:2actljji- the Bae*;. A most intelligent entity iu also luost 
poi^Tsrful £:nd most bei^^utiful. \^ae ens ££fl-igg^S^_iB tha,t entity. 

llhvB Proposition (b) breaJzs dowa into a set of assertions ^ whicii oe^i hs 
more fcx'ssally stated bb folio^niS 



(1) oaie Tforld coBSists of a cet o? entitieisi 

(2) the ontitieis of the trorld caix qs strictl^r orcle-^'ed "by a sot of ;i'caai;ic:;x 

(3) For each relUition there eiilBts en entity that is niBxi^isalj 
{k) 53i2 KtaxiHal entity for all relations Is the aiSJisj 

(5) For ell aystcms designs, the 'Vhole system" EUiBt he the erititj* 
J3atit3fying assertion ik)o 

Those tSio Irish to restrict the vhole system to X'jhat semn to i:e s^actieal}.; ■ 
caaceimble trovad den;r (5)0 They xrouLd, in effect,, cirgvie that th(S thecic^r c:!:* 
aystaiiis desiga does not h£.we to comiBit itseilf eo:acerning the ]grope;:r&ieo of 'fc^^ 
most geners-JL nyBtem» In other Xfords, they would :aot ag;i'ee i?ith Leibuis.'B 
stipulation that all systeiuB are hasically alils:eo Ckie source of thv3 dJsagi'ee- 
•ment loight resiilt froiii te-^*m:luology; those advcaatJag non-general x/hole Bystm^ 
niay ba thixiking of sy£)teHin in ateleological te,^iiBj or at least in termr^ th£;t 
have no relei/^^inee to iiltir^te puirposes. or desttaies* 

But the real opposition to Proposition (h) is to be S?o^md in the cli.^- 
agree^uent xrith (4). Most syi^teaas* designers go as far as they can ±a tridstg 
to conceive a system that •trill he test for aaine specific pmi^ose* But iilaej/' 
do not feel that these syBte^ns are hest for al3. purj^oses* A Biiealle syBte?;:. 
E^y he designed hy the d3i;^igaer t^r^'isg to.conceptuaJLi^^e miat am ideal !^:jlBs:!.le 
should do, e. gij it in one timt destroys an ene^f Btron5'2^.old perfectly. 2i:' 
so, he does i^vjagine a perfect system TTithisi the limtrj at hie i'SSiS^iBal^itei , 
Bitfc he irould hardly Bt^ that the missile sj^stem iras pei^?ect in aU. 1 resrtjeti: ^ 
It is not sTQTj good at all for prod-ucilng oonsvwJBX' goocls, for erca^mle- 

TJae Leihnisian ensvar is fairly oh-^/ious, of courae* It sisijxLj SB^m- 'bl.a1'' 
for eTery laissile designer there lEUBt he another syster^ri deaiggaez* "^iho eonrtj;L&:'.\:t 
the I5i3!5ile system aB> a. part of his systeHo Sueb a desjii^er also -fcriep^ to 
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conceptualize the perfect system* For hiia, the ideal inissile may not he one 
that destroys perfectly* It laey^ instead, he one that prevents destruction 
perfectly o la this case, the original laissile designer made a mistake in his 
selection of the relations that raak entities. In short, onJ^ if one con- 
ceptualizes the most general systexa ^ri.11 one ]mm iihat relations are appropriate 
in ranking entities, 

Leibniz's "single system" concept can he fornmlated in another tray* In 
our culture, ve typically segregate the functions that men perform, in tei^nis, 
saj^j, of the professions of research, la^, education, industry, governjnent, 
and so on-» The professions come in contact only on the periphery, so to speak, 
i-zhere a laan of one profession consults a inan of another* In the consultation,*, 
the one learns about the restJilts of the other's delil^rations, but ctoea :aot 
take a hand in forming the resultSo ThiQ is essentially a par&itionini- of 
o\ir social institution into presumbly separable parts. Each professica con 
be understood by itself, by understanding the iranner in which it works, and 
the principles that guide its actions o 

But suppose one were to deny all this segregations of the professions;) 
and trere to ssy^ for exanrple, that one cannot understand science unless one 
has understood it as a management profession, or a political activity, or a 
legal acti^/itj^ For example, one might argue that science can ncanage an 
entei^rise, or a part of it, and that operations research is just sioch a iray 
of vievrijag acience* One might further argue that there is sense optima]. ^b;s/ 
in ^Thich science can icanages an ideal of scientific laanageiicient^ FjnaLly, 
?me mght argue that a necessary condition for understanding x^iiat science is, 
is the understanding of hoTj it can and ought to inanage. 

It must be emphasised that all along ve are discussing the de5Jiga o:f 
systeias « Hence, the question is not to understand hm/ present day sci'-znce 



"^caa XGa3aage, tecause tMs aiay T^e a very "bud desiga questiCTio She questicm is^ 
i*iat irouLd science have to "be lilce in order for it to "be a maaagement? ICn 
other words, Tjhat is the design of a science 'i^ich inakes science en oj^issial 
managesient system^ 

B^r the aene td^u^ a necossa^j* cciiclltioB for a fiill iinderGtanding o£ mariageicsnt 

is to conceive of management as a science • Bais, indeed^ is trhat is happening 
in the cwrent developaients in research and developnent^ t^ere managensnt 
is playing a stronger and stronger role in the planning of the phases of 
xeseareh« There is an aotivi.ty called the sianagsBient of science * There is 
an optiinal uay in -t^hich uianagessent becoiaes a science - i.e*, a generator of 
information* So imderstand Hanagement, one zrmst -understand it as a science* 
In other ^fords, one ^/ay to toaderstand isanagea^ent developiEeat is to determine in 
\ihsLt -way Bsanagement can hecone a scientific system* 

She sasse thetae can he repeated in aiany conterbs. So tmderstand science, 
one must xmderstand it as a legal profession^ and to landerstand the la'^T;, one 
must understand it as a science* For example, S* A* Cc\ran argues that lair is 
the system of controls for e^erimentation in the social sciences * It seems 
to ms that he is tiying to conceive of law as a science » I lmo\r of no one nho 
has yet heen hold enough to suggest hoF science becomes the la'tf, except in the 
had sense of a science that controls thought processes* 

Even i*rithin the institutions themselves, the sasia principle could he 
appliedo Poi* example, one cannot understand psycholo^- until one has understood in 
what way psychology is a physical science; i«eo, understands hoir psychology 
must change so that it becomes a physics* She reverse is all too faaiilicur to 
students of the history of science: the attearpt to understand jSsysics as a 
psychology* 



EiuSp the system's designer dees not imdex'stoad his Bystem until he 
imderstands it in teri^^ of eXL the basic functions o aSie desigaer of a miGsile 
system mxist imderstand hovr the missile system is a productive system, a 
conammications system^ an inquiring system, and so on^ i£ he is to understaud 
his system fully. 

So put. Proposition (h) hecomes intelligible^ althoii^ not necessarily 
acceptable. It states that the imderstanding of systems demands a monism, 
a niethod of looking at all systems in one way. 

Clearly, the Proposition demands some reasonable taxonooty of systeKss in order 
to be useable • If systems of type x must be understood as systems of type y^ 
^at ranges of concepts do x and y entail? Our present taxonoisy, x^hich has 
grotm out of the tendency to separate functions, may be far too avla-jard to 
Q-PPly- Ac&aff and I once siaggested a f our-^Tay taxonoioy : ail systems must be 
conceived a s scientific (discerning the proper means to ends), and 2£S&SM^^ 
(developing nev means), and cooperative (coordinating teleological entities), 
^^^ ghgJlgjgjS (creating interest in nexf ends)o 

But si:ich a ta:j:onaaiy is obviously only a first step in the direction of a 
moziism of systems ♦ 

We should note that Proposition (b) together ^'ith (a) iiiiplies that the 
perfect system "exists *'<► Of course, tre have demonstrated nothing of the sorto 
All -vje have dojie, in arguing that (a) is sensible, is to essoi*^ that "esdjstence" 
does not mean "observed" or "obsearifable." Instead, for something to be ta3:een 
to e:d.st, it must be assumed essential in the development of inquiry <» One 
cannot separate out segp^nts <xf inquiry and staHip "existence" or "reality" 
on these alone, because, so the argun^nt ran, these segments exist as seg^nta 
only because af the rest of the system* we ne^ier Imoir i?hat really exists 
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'biat at aay tiii^ ir5 clo -fclie best ve can to ccfnsti^uct an ri^mge of* the •^cfoi^ld in 
^rhicli oiir dbsex^^s-ticins^ ouc tlilnivhiSy owe feeling, one Intvition vilJi 3.ive 
as veil together bb possi^bleo Tfe t^£e oiich an linage to exist 5 tut it is 00 
taJcexi only "becauf^e xfe argaa ths.t there 1g a i^ole iiaage of uhich om^s is a5i 
approzixuatiorio 

So Tieired;, Proposi.tibns (ti) aad (a) state aa hypothesis about i-ealitys 
i2a3B3ly that there is an ens realisgimimo But far from the proof of the hypothesis 
feeing siinplep it never ^rill he prouxscLo It is the most coiirpricated hypothesis 
posBi'blOo 

^is brings us, finally ;► to Eroposition (c)p tjhich states that task cf 
proof lies in the hands of inquiring systeiaso To stmHiaarize all that has heen 
said here^ inquirins systems oaxi he partitioned^ but an understanding of any 
pa3:*t x^quires an widerstanding of how that parb can function as another -parts 
for exaiEple, hotr the observing part can be conceived as the part that develops 
models^ or determines the goa3.s of inquiry ^ Finally^ then;^ Proposition (c) 
along "trith (a) and (b);^ asserfcs that tre cantiot understand the natxare of inquiry 
xmtil i^e tmderstand in i/hat way inquiring systeiss are theological o 

Debt s ^and References: I have f oxmd mach val-ue in the papers in General Systems, 
the yearbook of the Society f or the Mvanceiaent of General Systems Theoryo Of 
special interest for the purposes of this paper is an article by Av Do Hall a^zd 
Ro S^ ikgen^ "Definition of System," irhich appeared in Vol. 1 of G giieraL S;£Stg3So 
!Ehe authors define systeaas in a maimer quite similar to the definition that 

appeared in an earlier draft of '-this paper/ ^here I defined a system aa a set 
of entities, operators, and relations, iri.th the usual forcial rules governing 
the formation of nexf entities, of meanin^ta asserfcions, and valid asserfcicns, 
with the finrbher stipulation that the language be rich enough to eiiable one 
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hi, 

to Gpeali g£ the gfaole systssa. t^ chief interest then lE^ras to define "real" 
nystomsa The definition hgs clearly inspired "by the ^yritings of the laot 
decades on formL systeass^ Shis seeiES to he the case la the Hall-Ifegcn 
paper, xjhere a system is defijaed to he "a eet of ohJectB together with re- 
lationships hetifeen the oh;5^cts and heti^een their attrihutes/' Eae authors 
also iBtTodtice the concept of the "independence" of parts; a part iB inde- 
pendent if a chanf^ of the part depends only en that jmit alone « In this 
paper I discea:d.ed the definition of syateias in tex-ms of f orimlised lan^ages in 
f aTor a£ an esig^hasis en the effectiveness measirees of the parfcs and the "Cfhole^ 
hecanse only thesrehy coisld I discuss the kind of indepeitidence or dependence 
that interested me;^ naisely^ the criteria by TJhich sjrstems are designedo It 
eeeHied to me that the formal-system approach taJies the parts to he given^ 
as veil ao the rules that govern the heha?rf.or of the jjarts^ x^here as I ^ms in- 
terested in speculating ahout hc^x one 'decides -whether soaiethins ia a pari; 
and ho&r one evaluates the decision once made*> 



